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1,0 INTRODUCTION

1.1 OBJECTIVE

The objective of this engineering study is to investigate the feasibility of integrating
the functions of switching, multiplexing, and technical control in order to decrvase
size, weight, and power requirements while increasing the operational reliability and
mobility/transportability of a tactical communications complex, The communication
system is intended for use in the 1980s when tactical networks will operate digitally.
The ability to develop a self-supportable integrated communications facility of this
type will decrease Air Force reaction time during contingencies and improve mission
effectiveness by providing the Task Force Commander rapid and reliable communica-
tion in the tactical environment,

1.2 BACKGROUND

Switching, multiplex, and technical control equipments now in the military inventory
and in the engineering development phase(s) will not fully and most effectively provide
the Task Force Commander with a flexible and effective command control capability
during tactical contingency deployments, Cne reason is that the equipment is not suf-
ficiently selfcontained. The interoperation of the separate switching, multiplexing,

and technical control facilities requires an excessive number of equipment shelters

and associated interconnecting cables. The present approach to the problem is cumber-
some and requires additional operation and maintenance support personnel and logis-
tics support.

1,3 SUMMARY

1.3.1 Constraints and Assuniptions

The work performed during this study program was based on the following set of con-
straints and assumptions,

1. The Integrated Switch/Multiplex/Technical Control (ISMTC) is to be
used in the 1980 time frame when all-digital communications systems
will be used. Thus, all input signals to the complex are assumed to
be in a digital form.

Voice signals are digitally encoded using 32 kb/s Continuous Var-
lable Slope Delta (CVSD) modulation exclusively, The use of PCM
is not anticipated.

Terminal equipment data rates are expected to be 75 x 2n to a maxi-
mum of 9, 600 b/s; higher rates will be 8000 x nb/s, "n" 18 an
integral value in both cases,




4, The switch is expandable in increments of 160- to 300-1ine modules
to a maximum of 2400 lines.

5. A maximum switch matrix blocking probability of 0,001 is maintained
for average traffic loads up to 0.8 Erlangs per line,

6. The complex is transportable and designed for tactical use,

1.3.2 Summary and Conclusions

Based upon the above assumptions and constraints this study concludes that a trans-
portable Intcgrated Switch/Multiplex/Technical Control (ISMTC) facility is feasible
for the 1980 time frame. In fact the technology already exists which oould support
the development of such a communications complex.

The benefits to be derived from integration of the Technical Control (TC) function

into the switch Includes the elimination of the TC problems of separate siting, housing,
power, processors, logistics, personnel, Red/Elack areas, Tempest filtering, etc.
The intercommunication facilities between TC and the switch are also eliminated, In
addition, it should be noted that the integration of TC into the switch has little effect
on matrix size, cost, and weight,

Matrix considerations are discussed in Section 2.0, Five candidate matrices are
evaluated, one space division and four time division, Paragraph 2,1.1 describes a
specific space division matrix fabricated from 4 x 4 four-wire matrix crosspoint
integrated circuit chips, This provides the basis for the comparison of a space divi-
sion array to the four time division approaches described in paragraph 2.1.2, A
tradeoff comparison is conducted in paragraph 2.1.3 to determine the relative merits
of each with respect to size, weight, cost, and power consumed and also the impact
on the communication functions of transmission, common control, technical control,
and signaling. It is concluded that the choice of a specific matrix type is relatively
insensitive to the aforementioned coramunication functions and should be selected pre-
dominuntly on the basis of cost, size, weight, and power requirements. A summary
of the tradeoff results is given in Table 4 which indicates that Candidate 6 (Time-Space-
Tiine) appears to be the favored choice, See paragraph 2.1,2.1,4 for a description

of this candidate,

Various aspects of switch control such as common control, trunk barring, and line
load control are presented in Section 2,2,

Section 2.3 describes the special service features of interest to the ISMTC control
complex,




Section 3,0 deals with the multiplexing aspect of the ISMTC. It is concluded that time
division switching and time division multiplexing should both be performed in an inte-
grated time division matrix, The multiplexing scheme for the ISMTC is based on a
bit-by-bit multiplexing of bit streams derived from CVSD subsets generating 32 kb/s
per line, Groups are formed from the basic 32 kb/s line rate by a bit interleaving
process.

A design approach is presented which distributes much of the multiplex equipment
among the matrix, trunk group formatter, and line formatter. Multiplex/demultiplex
equipment external to the switch is required for trunk groups greater than sixty chan-
nels and for groupings which are not certain multiples of 32 kb/s. Rates in the
75 x 2 category can be accommodated by the matrix after a retiming procedure per-
formed by interface circuits.
In the technical control discussion of Section 4.0 it is assumed that the overall tech-
nical control structure is hierarchal in nature and is composed of the following four
distinct elements:

1, System Planning and Engineering

2, System Control

3. Node Control

4. Equipment Support
This study is directed toward the analysis of the feasibility of incorporating the func-
tions required of the Node Control and Equipment Support element into the common
processor of the ISMTC.
A description of quality monitoring and testing applicable to the technical control func-
tion at nodes of a tactical communications network is included in Section 4,1, This
description includes discussions related to:

1. Monitor Points and Parameters

2. Monitoring Regenerated Digital Signals

3. Monitoring of Non-Regenerated Digital Signals

4, Monitoring of Analog Parameters

5., Computer Processor Implications

PYIIUSSRARI
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Section 4.2 is directed toward the development of hardware considerations related to
the fault isolation function of technical control. Emphasis is placed on the determina-
tion of the hardware required to isolate faults and system degradations of the trans-
mission system, To illustrate the various concepts which may be used to implement
the fault isolation function related to the transmission system, radio relay terminals
are used for the purpose of discussion. The concepts described could be readily ex-
tended and applied to other types of terminals,

Several alternate routing schemes appropriate to the tactical Air Force Network are
discussed in Section 4.3 for the purpose of evaluating processor implications.

Section 4.4 is devoted to the development of report formats for the technical control
report and recordkeeping functions, Three types of reports are considered:

1, Maintenance Reports
2, Status Reports
3. Supervisory Reports

The section describes some of the factors which must be considered for the reporting
and recordkeeping functions as well as typical report entries and formats,

Section 4.5 contains an investigation of tre impact on switch design due to the inte-
gration of the technical control functions into the ISMTC. The analysis indicates that
while the effects on the common processor are significant, impact on the switch ma-
trix is moderate., The major effect is an increase in matrix size due to built-in ma-
trix error detection equipment. An additional matrix impact could result from the
implementation of a common transmission equipment monitoring scheme, It is con-
cluded that the specific matrix type is relatively insensitive to technical control con-
siderations and should be selected predominantly on the basis of switching and multi-
plexing factors,

Section 5,0 discusses the various aspects of an integrated complex. A system descrip-
tion of the overall nodal equipment configuration is giver in Section 5.2, This in-
cludes a discussion of the various switch, technical control and input/output subsystem
composing the ISMTC,

Section 5.3 discusses the type of orderwire to be used with the ISMTC. One 32-kb/s
channel of a full 60-channel trunk group is sufficient to handle all signaling and super-
vision, remote status reports, continuous reporting to the Systems Control Element,
and {raming and synchronization, Periodic and aperiodic reports can be sent via
"dial-up'" lines when required. The 32-kb/s common channel is submultiplexed into
four 8-kb/s subchannels as shown in Figure 55. This data rate capacity is more than
adquate for handling the above-mentioned functions,




Common processor requirements relating to the integration of the technical control
and switching functions are contained in Section 5.4, Program descriptions and siz-
ing estimates are given for a baseline system for several different switch sizes. No
specific processor(s) has been recommended but a section on desirable processor
characteristics is included as well as a survey of applicable machines. In general,
the conclusion reached from studying the various requirements indicates that current
processor technology is capable of fully supporting the ISMTC. In fact, the risks in-
volved in designing a processor from the operational characteristics viewpoint appear
to be low, More risk appears in satisfying the stringent environmental and rugged-
ness specification, In this regard, the specifications of a presently available milita-
rized minicomputer have also been included.

Section 5.5 presents a discussion on equipment procedural interfaces, internal and
external interfaces, followed by descriptions of examples applicable to the interfacing
of an ISMTC with the DCS. The worst case situation is considered, i.e., the basic
systems will not be designed to be completely compatible. Therefore, the interface
must be provided through the introduction of applique units which would be required

at gateway interfaces.

The functions provided by the personnel assigned as switch operators, technical con-
trollers, and installation and maintenance personnel are briefly described in Sec-
tion 5.6. At present, most required actions are provided on a manual basis in tac-
tical military communication networks, However, many of the required functions are
readily adaptable to automation, Table 14 lists operation functions required in both
manual non-integrated facilities and in an ISMTC applicable to the tactical networks
of the 1980s and indicates which functions can be aided by automation.

A short discussion of Red/Black considerations is included in Section 5.7.

Transportability requirements are analyzed in Section 6,0. Preliminary estimates of
ISMTC physical requirements indicate that it may be possible to house the complex in
as few as one or two shelters,




2.0 SWITCHING CONSIDERATIONS

The main thrust of this part of the study is to determine the feasibllity of integrating
the switch, multiplex, and technical control into a single transportable communica-
tions complex designed for use in the tactical environment of the 1980s. In this sec-
tion the switching aspect of the system is considered. Five candidate systems are
compared as to their suitability for the Integrated Switch/Multiplex/Technical Control
(ISMTC) application. Both space division and time division approaches are considered,

In order to aid the discussion, some tutorial material is included in the space division

matrix section (paragraph 2.1.1) to familiarize the reader with switching concepts and
terminology used in this report, Also included in this section is a specific space divi- |
sion matrix design which is used as the basis for comparison with the time division
schemes described in paragraph 2.1.2. All candidate systems are compared to each
other in paragraph 2.1.3 with respect to size, weight, cost, and power consumption
as well as their impact on transmission facilities, signaling, common control, and
technical control,

Section 2.2 includes discussions of switch control including common control, line load
control, and trunk barring, Detalled discussions of processor functions and character-
istics are deferred to Section 5.4,

An explanation cf the various special switching services which may be required in a
tactical environment 1s included in Section 2.3,

2.1 MATRIX TECHNOLOGY

2.1.1 Space Division Arrays

In the past, space division arrays were not considered cost effective or sufficiently
compact when compared to time division approaches. This section considers the pos-
sibility that the use of solid state crosspoints or future technological advances may
change this view,

Paragraph 2.1.1.1 presents a brief review of space division network theory in order
to introduce the reader to some of the switching terminology and concepts to be used
in later sections. The properties of staged arrays and then folded staged arrays are
discussed. This provides the background for the matrix design described in para-
graph 2,1.1,3.

A speclfic circuit design is included in paragraph 2.1.1,2fora 4 x4 four-wire cross-
point matrix fabricated on a single integrated circuit, The possibility of integrating
larger matrices on a chip is also considered. These integrated circuits are then used
as the building blocks for a 2400-line three-stage folded space division array composed




of eight 300-line modules. This design is then used to calculate the quantity of chips

required in such a system, The number of such integrated circuits determines the
system cost, size, and reliability.

2.1.1.1 Theory

A switching network is that part of a switching system that establishes transmission
paths between pairs of terminals., The most basic space division switching network
is the N x N rectangular array depicted in Figure 1. The number of crosspoints (con-
necting devices) required is N2, Note that at all times there is at least one available
path between any pair of idle lines or trunks, regardless of the number of paths al-
ready occupied, Networks possessing this property are called '"nonblocking",

t————————— N Qulputs —————————td

N Inputs

SR A

$
4
I

Crosspoint

Figure 1. Space Division NxN Matrix
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2,1,1,1,1 Staged Arrays

The number of crosspoints required for a space division matrix can be reduced through
the use of staging, A three-stage array is shown in Figure 2. This approach replaces
the large single matrix with a number of smaller matrices interconnected in stages.
The first and third stages, as shown in Figure 2, have r modules each with n inputs
and m outputs, The second stage has m modules, each with r inputs and r outputs.
From Figure 2 it is clear that the total number of crosspoints, X(3), is

X(3)= 2 umr + mr2

A nonblocking switch may be achieved by selecting r = VN (assuming N to be a per-
fect square), and

m=2 Nl/“' -1
This yields a total number of crosspoints of

/2 _,

6N3 N t

which is less than Nz for N > 36

CSC-8-68333597 A1

Figure 2. Generalized Form of a N (m,n,r) Three-Stage Array




The three-stage switching array may be converted into a five-stage array by merely
replacing each secondary stage rectangular array by a new three-stage array. Such
a five-stage array is shown ir Figure 3, Each input and output switch is assumed to
have N = N1/3 input or output lines. The total number of crosspoints is

X(®6)= 2 nmr + 2 jksm + Szkm
For a nonblocking array M = 2 Nl/3 -landk=2 Nl/3 - 1, As in the three-stage
array § = r1/2 = N1/3, Therefore

X(6) = 16 N4/3-14 N+3N2/3
which is less than X(3) for N > 160,

For very large N it may be advantageous to use a seven-stage array. One such ar-
rangement I8 possible by inserting a five-stage array for each secondary matrix of a
three-stage array. The number of crosspoints contained in such a matrix can be
shown to be (Reference 1)

X(7)=36N5/4-46N+20N3/4-3N1/2

2.1.1.1.2 Folded Arrays

An alternative to staged arrays as discussed in the previous paragraph is the folded
stage array such as showr in Figure 4. This three-stage folded array differs from the
three-stage nonfolded array of Figure 2 only in that each input is linked to the corre-
sponding output, These extra links between stages provide additional paths through
the array. Thus, fewer crosspointc are required relative to the equivalent nonfolded
array to maintain the nonblocking network characteristics,

Bidirectional lines are required in a folded array whereas only unidirectional lines
may compose a nonfolded type.

The crosspoint savings by using folded as opposed to nonfolded arrays are quite sub-
stantial, This is due to the fact that, unlike nonfolded arrays which require 2n -1
secondary stage matrices for nonblocking characteristics, the identical folded matrix
requires only n matrices for nonblocking performance. The savings, therefore, ap-
proach 60 percent.

2.1.1.2 IC Crosspoint Matrix

The cost, size, power requirements, and reliability of a space division array varies
according to the number and size of the integrated cirouit chips, Thus, in order to
optimize the system and then determine these matrix parameters, one must first
design or select a chip with maximum crosspoint density.
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Figure 4. Generalized Form of a N (m,n,r) Folded Three-Stage Array




2.1.1.2,1 Four-hy-Four Crosspoint Chips

One possible type of digital crosspoint chip is shown in Figure 5. All input/output
and control lines are shown for a four-wire 4 x 4 crosspoint matrix. Lines X131, Xj9,
X13, and X14 are input lines, any of which may be switched to the outputs Y:;, Yy,
Y13, or Yy4. Similarly, for the opposite transmission direction X1, X99, Xoq, and
Xog may be connected to a..y of the output lines Y1, Yo2, Ya3, or Ygy. Since the
chip contains 16 four-wire c.osspoints, a four-bit control word is required to select
the proper crmsspoint. Anu "open/close" signal is included to specify whether the se-
lected crosspoint is to be opened or closed, In addition, a "chip select" pin is used by
the connection control to enable the proper chip in the system,

Xa Y X22%2 X23"i3 X2d'ia

LY

4X 4

Vo ¢ e CROSSPOINT
22
MATRIX

| LS CHIP
Y23

1

Select Chip \ P
Select Crosspoint
Select

Figure 5. 4 x 4 Crosspoint Chip




The chip's functional organization is deplcted in Figure 6. Note that the circuit is
compesed of the following three main parts:

1. Decoder Section - Selects one of the 16 latches according to the 4-bit
input code.

2. Sixteen-Bit Latch - Flip-flops whose outputs hold each of the cross-

points in their respective open or closed state until the new status is
strobed in,

3. Matrix - The logic gates which actually provide the specified input/
output connection,

0/

Select 1
Chip
6 BIT | 4 X4
i 4 > DECODER 16 > LATCH — 16 > maTRIX

Select
Crosspoint
Select

CSC-9-6834579-A-¢

Figure 6. Chip Organization

A logic diagram for the integrated circuit is shown in Figure 7, The decoder section
is located at the bottom of the diagram, Each decoder output is connected to the clock
input of one of the 16 one-bit latches located directly above the decoder. Each latch
output goes to two "AND" gates, one for each transmission direction. A twenty-gate
array located at the top of the page provides for data transmissioninone direction. An

identical gating structure is shown in the middle of the diagram for transmission in
the opposite direction.

The circuit operation will now be described by discussing a specific example. Suppose
that it is desired to complete the following four-wire connection:

X toYlaandX23toY

12 22

14
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Figure 7. Logic Block Disgram - 4 x 4 Four-Wire Crosspoint Matrix Chip
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First the connection control puts logical 1 ('1" = close crosspoint, "0'" = open cross-
point) on the "open/close' line, Simultaneously, a four-bit binary code word (1001)
is presented to the control lines, Next the chip select line goes low (logical 0) thus
enabling the decoder which puts a zero out only on line 9, All the other decoder out-
puts remain high, This negative transition on line 9 clocks the logical ''1" present on
the "open/close" line into latch number 9 (the seventh latch from the right), The
logical 1" now present on the latch Q output enables two "AND" gates. One gate pro-
vides a transmission path from Xj 9 to Y;3 and the other gate from Xo3 to Yag,

The Interconnection of these 4 x 4 crosspoint chips to form larger matrices is illus-
trated in Figure 8, Here an 8 x 8 matrix is implemented., Note that only the two-wire
connections are shown in order to simplify the figure. Input lines X; through X4 are
bussed to all chips in the top row and lines Xg through Xg are bussed to all chips In
the second row, Outputs Y; through Y4 are constructed by '"wire ORIng" the corre-
sponding outputs of the chips In the left-hand column. The Y5 through Yg outputs are
similarly formed from the chip outputs of the right hand column,

2.1,1.2.2 N x N Crosepoint Chips

Thus far only a 4 x 4 four-wire matrix IC has been considered as a system building
block, Varying the number of crosspoints per chip impacts on system cost, size,
power, and reliability, In this paragraph the impact on the system of an n x n four-
wire matrix chip is examined,

First consider the pin count per IC package for an n x n chip. This determines the
package size, reliability, and, to a large extent, cost., System reliability is approx-
imately proportioned to total pin count since the dominant number of failures In inte-
grated circuits occurs inthe chip-to-pin junction, Costs are affected by pin count
since as the number of pins increases the yield during manufacture decreases, Thus
IC packages with very large numbers of pins may be prohibitively expensive,

A plot of IC package pin count versus matrix size is plotted in Figure 8. Note than an
IC package containing a 4 x 4 matrix possesses 25 pins compared to the 8 x 8 matrix
IC which contains 43 pins. A dramatic improvement in reliability can be obtained by
using an 8 x 8 chip to replace four 4 x 4 chips since the latter configuration requires
100 package pins, Thus, the MTBF is more than doubled while the crosspoint array
shrinks to approximately half th: size of a system employing 4 x 4 chips. The 8 x 8
crosspoint chip {s used in the subsequent analysis, therefore, in calculating the
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tradeoff parameters of size, weight, power consumption, and cost for the space di-
viston candidate, !

2.1,1,3 Matrix Design

Power and size requirements are both minimized when the number of switch cross-
points are at a minimum, As noted in paragraph 2.1.1,1,2, there is a significant
crosspoint advantage when using folded as opposed to non-folded staged arrays.
Crosspoint requirements are minimized for this type of array in the 2400-line region
by a five-stage matrix, However, the three-stage array as used in the analysis is
consistent with the TDS investigation which considers three-stage space arrays of
time divieion modules. In addition, the use of a minimum five-stage array does not
affect the overall conclusion,

2.1,1.3.1 A Blocking Three-Stage Folded Array

Thus far only noublocking arrays have been considered. Most :pace division switches
economize on the number of crosspoints required by permitting a small amount of
matrix blocking. Modern tactical switches such as the AN/TTC-39 specifv a blocking
probability of . 001, Matrix blocking probability as low as this usually is insignificant
when compared to trunk blocking, It is apparent that removal of a number of cross-
points will result in blocking. If the blocking probability is limited to 0, 001 for 50 per-
cent average total busy-hour occupation per line, the array is permissible, Thus,

the switch of Figure 10 has been designed to fulfill the requirements of this study pro-
gram. The three-stage folded array of Figure 10 contains a near minimum number

of crosspoints for a 2400-line three-stage switch, The switch shown is a symmetrical
array; that is, one which has an equal number of primary stage inlets and tertiary
stage outlets, Note that the switch has eight 14 x 30 primary stage matrices, four-
teen 80 x 80 secondary stage matrices, and a tertiary stage identical to the primary.

It is important to note that Figure 10 represents a blocking array. A totally nonblock-
ing array would be realized if the switch possessed 30 secondary stage switches. The
array has been transformed from an array with a zero blocking probability into a
switch with a 0,69 x 10~3 probability of blocking with 50 percent total ocoupation per
trunk, This value is within assumed limits ard the number of crosspoints has been
cut by more than half over the equivalent nonblocking configuration.

11t should be noted that a 150-pin package has been manufactured by Texas Instru-
ments and a 300-pin package has been developed for the Navy's AADC program.
The suitability of constructing a crosspoint package of this pin size, however, has
not been demonstrated from the viewpoint of cost, reliability and maintainability,
As a result the more conservative approach of a 8 x 8 crosspoint design has been
selected for analysis,
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Blocking Probability = 0.691 x10=3 ot 0.5 Erlongs
Number of Crosspoints T 156,800

Figure 10. 2400-Line Space Division Switch Three-Stage Folded Array

At this point it is important to note that this particular design is totally inadequate for
use as a tandem switch where the required grade of service is 0,001 blocking proba-
bility at 0.8 Erlangs per line. The probability of blocking for the matrix of Figure 10
for 80 percent total occupation per line is 0,456, The switch would have to be recon-
figured to include 19 secondary stage matrices instead of the present fourteen to satisfy
tandem switch requirements,

A further requirement which has been imposed on the system is that it be expandable
in increments of from 150- to 300-line modules to a maximum of 2400 lines. This
has been achieved by dividing the 2400-1ine system into eight identical 300-line mod-
ules (see Figure 11) in such a way as not to affect the blocking characteristios of the
individual module. Note that each secondary stage is composed of fourteen 10 x 80
matrices of which only a 10 x 10 portion (1/3 of the secondary matrix) is used for
the 300-line oconfiguration. This inefficiency is progressively diminished as more
modules are grouped together to form a larger system, These surplus crosspoints
need not be supplied with the module unless the switch is to be used in an expanded
configuration, However, adequate space and wiring must be provided for each mod-
ule as if it were to be used in the maximum 2400-line configuration,
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Figure 11, 300-Line Module

The modules are combined by attaching the 70 spare lines of each 10 x 80 matrix of
one module with the corresponding matrix lines of another module to form a larger
secondary matrix, For example, in forming a 600-line system, two 300-line modules
are used, Ten spare lines from secondary matrix number 1 are connected to the ten
corresponding lines of matrix number 1 in module 2, thus forming a 20 x 80 secondary
matrix. Similarly, all fourteen 10 x 80 secondary matrices of module 1 are combined
with the fourteen 10 x 80 matrices of module 2 to form fourteen 20 x 80 matrices.
Thus, the new 600-line system contains twenty 30 x 14 primary matrices, fourteen

20 x 80 secondary matrices, and twenty 30 x 14 tertiary matrices. Again, note that
only one quarter of secondary stage crosspoints are used, The full 2400-line system
is formed by connecting the secondary stage matrices of eight 300-1ine modules to
form fourteen 80 x 80 secondary matrices as shown in Figure 11,

2.1.1.3.2 Chip Requirements

The number of chips required for a 2400-line three-stage folded space division array
versus the grade of service is plotted in Figure 12, Chip quantities were determined .
by dividing the total number of crosspoints by sixteen (for a 4 x 4 matrix chip) and then l
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adding 10 percent for unused croupoints2 and 10 percent for control circuitry, Curves
are provided for both 50 percent and 80 percent average total busy hour occupation per
line. In order to calculate the approximate number of chips required for a system
composed of n x n matrix chips, merely divide the Figure 12 quantities by (n/4)2.

Notice that about 12, 000 chips are required for ,001 blocking probability for a = 0.5
when 4 x 4 matrix chips are used, Such a system is clearly not competitive with time
division systems in terms of cost, size, and reliability, The chip total grows to ap-
proximately 16,000 to satisfy tandem switch requirements (a = 0,8). Erlang loadings
may exceed the assumed values for switches handling a high volume of data traffic
with lorg holding times per line (e.g., measured in hours). To provide a non-blocking
metrix requires 25, 000 chips which would be the 1imiting case for traffic loading
groater than that assumed above. The analysis assumes, however, that the predom-
inant traffic type handled is digitized voice. As a result, loading factors (i.e., call
introduction, holding times, etc,) based on present experience with circuit switches
are judged lpproprlate for use in this analysis.

Although one couli reduce all of the aforementioned chip quantities by a factor of four
by using 8 x 8 mrsrix chips, the space division array would still be at a serious dis-
advantage when compared to TD systems (3ee paragraph 2.1.3),

2.1,1.4 Conclusions

The number of crosspoints which may be fabricated on a single chip i{s pin limited.

A 4 x 4 four-wire crosspoint mutrix chip is clearly realizable using present technology.
An 8 x 8 four-wire crosspoint chip algo appears to be feasible and is probably the
largest matrix which may reasonably be expected to be fabricated on a single chip in_
the near future.

2.1.2 Time Division Arrays

The previous section discusses the possibllities of using a digital space division array
as part of the ISMTC., However, multiplexing must be performed distinot from the
matrix. In this section several time division approaches are considered in which the
multiplex function is performed as an inherent part of the switching function.

2The term "unused crosspoints" refers to the fact that using 4 x 4 matrix chips to
synthesize a rectangular crosspoint matrix possessing dimensions which are not
multiples of four must waste some of the crosspoints available on the chips,




Reference 2 published in 1972 is a prior investigation performed for RADC of known
digital switching techniques to determine the most suitable approach for future switch-
ing application, This work has been analyzed and evaluated in determining the nature
of time division matrices considered for an integrated switch, multiplex, and tech-
nical control. A description of these systems follows.

2.1.2.1 System Descriptions
2.1.2.1.1 Time Division Module Array

The Time Division Module Array approach (referred to in the drawing as Candidate 2)
is illustrated in Figure 13, The system shown is a 2490-line (3000 terminations)
three-stage space division array which uses time division (TD) switching modules for
each coordinate matrix, Note that each matrix is a 60 x 60 array composed of one
fan-in and fan-out matrix, The fan-in structure is essentially a TD multiplexer which
accomplishes the switching function by multiplexing the 60 input channels onto a single
high-speed time division highway in any desired order. The fan-out portion performs

the demultiplexing function.

Note that by splitting one of the output TD modules into its fan-in and fan-out portions,
and placing the fan-out circuitry at the switch input, the array has been reconfigured
to accept 2940 single channels plus one TDM 60-channel group (see Figure 14), Itis

important to note here that this change required no additional equipment (such as multi-

plex/demultiplex) and only minor rearrangement of existing modules, It can be seen
that any combination of trunk groups and single channels may be implemented in the
" same manner with a recuced need for external multiplex.

2.1,2.1.2 Redundant Memory

The Redundant Memory approach (Candidate 3) is shown in Figure 16, The figure
shows a 480-line portion of the switch, Notice the matrix inputs and outputs are
60-channel TDM highways while the former two approaches (space division and time
division module array) were characterized by single channel input/output ports.

The Random Access Memory (RA) stores an entire frame (60 bits) from each of the
eight input 60-channel highways. The switching function is implemented by reading
out of memory each of the 60 channels in any desired svquence, Each read-out com-
mand produces an eight-bit output (one bit for each of the eight highways) of which
orie bit is selected by a multiplex gate to be transmitted to the output highway. Note
that the same eight highways are stored in all eight basic modules; thus, the name,
Redundant Memory., The Connection Control (CC) supplies the 9-bit control words
which determine the specific RAM memory cells read-out (6 bits) and which highway
is selected by the multiplex gate (3 bits).
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Expansion of the matrix shown in Figure 15 is accomplished by stacking three such
systems to form eight tri-groups. Twenty-four such tri-groups, called a segment,
are shown in Figure 16, Four such segments when interconnected compose a 2400-
line switch. This segmenting is used to satisfy modularity requirements,

2.1.2.1.3 Space-Time-Space

The Space-Time-Space configuration (Candidate 4) is a three-stage TD matrix and is
shown in Figure 17. As in the redundant memory approach, the inputs and outputs

are composed of 60-channel highways. One of 24 input highways is selected during
each time sict by the multiplex gates in the primary stage to form 24 sixty-channel
intramatrix highways terminating in the secondary stage. The time slot interchanges
(TSI) of the secondary stage are RAMs which redistribute the channels in time. For
example, data arriving at the TSI in time slot number 31 may be transmitted in out-
put time slot number 15, The tertiary stage multiplex gates operate on the 60-channel
cutput highways of the TSIs in a manner identical to the primary stage multiplex equip-
ment. Thus, during each matrix output time slot each tertiary stage multiplex gate
transmits only one of the 24 TSI output highways. Here, as for Candidate 3, modular
expansion of the system is achieved by segmenting. The matrix of Figure 17 repre-
sents one segment,

2.1.2.1.,4 Time-Space-Time

The Time-Space-Time configuration (Candidate 5) may be derived from Candidate 4

by interchanging each multiplex gate for a TSI and vice versa (see Figure 18). Again,
one has a three-stage array with 24 sixty-channel TDM input and output highways. The
primary stage TSIs redistribute in time the input sequence of TD channels for each
highway. The secondary stage multiplex gates choose which intramatrix highway in-
put will be enabled for each time slot and, thus, form 60-channel output highways which
are routed to the tertiary stage TSIs. These TSIs again interchange the highway chan-
nels in time and yield 24 sixty-channel outpvt highways. As in the previous two can-
didates, expansion is achieved via segmenting.

2.1.2.2 Highway Capacity Considerations

It is assumed that the multiplex function integrated into the ISMTC matrix results in
time division multiplex input/output highways. The upper limit on the number of chan-
nels contained in such a TDM highway is determined by the speed of the logic circuitry
used. Another constraint results from the condition that conventional semiconductor
memory devices possess storage capacities which are powers of 2 (64, 128, 256, etc.).
CSC's survey of matrix techniques indicates the extensive use of RAMs with storage
capacities equal to the number of channels per highway. Thus, these RAMs are most
efficiently used when the highways contain 28 channels. In addition costs decrease as
the number of channels per highway increase (see Figure 19).

28




W - —_ - - W

TRI-GROUP |

H) B ¢ BASIC

Mg MODULE 1a

He : BASIC 4
Mie MODULE Ib

— H |

Hi7 BASIC |
MODULE 1I¢c
Haq—¢
TR1-GROUP 2 Hap
°
°
°
e
TRI-GROUP 24 Hog

Figure 16. Redundaunt Memory Segment

29




TSI s MUX Hy

No, | No. |
® ] )
® ® ®
() ® ®
TS1 —3
No. 24 N, 24
1
; ; . 1
Figure 17. Candidate 4 - Space-Time-Space | f
- o
H| TS1 . | mMux TS1 e
No. | Ne. | No. |
° ® °
° ° °
} ° ° °
|
No. 24 g . 24 No, 24

Figure 18, Candidate 5 - Time-Space-Time

30 .

l




SemySiy Jod S1oUNEYD JO J3qUWMN SA 180D 6l eandr g

- Aomybiy 104 S|OUNDYD

-

_3
a— 1900 POZ||PWION

=




Highways contalining 128 thirty-two kb/s channels are feasible with present technology.
However, a fault in a single RAM could result in the failure ~f 128 channels. There-
fore, economy must be traded off against reliability considerutions, A reasonable
compromise is the use of highways containing 64 channels,

Present delta modulation trunk groupings considered for tactical use are 15, 30, and
60 channels3 and 10, 20, and 40 channels for fixed plant facilities, Such groupings
may be economically realized by using a matrix with 60-channel rather than 64-chan-
nel highways, Thus, present day trunk groupings may be achieved with reasonable
economy.

2,1,3 Matrix Comparisons

This section compares the candidate matrix techniques discussed in paragraphs 2.1.1
and 2.1.2 to determine the most suitable approach for ISMTC applications, The im-
pact of the candidate schemes on the communication functions of transmission, com-
mon control, technical control, and signaling are given as well as size, weight, power,
and cost comparisons,

The following candidate matrices are considered:

l 1, Digital Space Division
l 2. Time Division Module Array
4

3. Redundant Memory

4., Space-Time-Space
5. Time-Space-Time

Candidate 1 (Digital Space Division) is discussed in detail in paragraph 2.1.1. The
crosspoint arrays are assumed to be composed of 8 x 8 four-wire crosspoint chips,
It should not be inferred from this discussion that such chips are available within the
present state of integrated circuit technology. The required integrated circuits fall
into the realm of custom LSI circuits and, therefore, price and feasibility would be
determined by a manufacturer's evaluation of the specific cirouit design, Thus, it
should be remembered throughout the analysis that the digital space division can-

" didate may have been given the advantags of an optimistic packaging density compared

L)

INote: TRI-TAC AN/TTC-39 switch development has resulted in a trunk group size

of 72 channels, This is possibly based on assuring compatibility with existing Army
48 kb/s per channel PCM equipment (i.e., AN/TTC-44, -45, -46 and -47 series
equipment).




to the other candidates which are realizable with existing integrated clrcuits, It is
the bellef of the authors, however, that a 8 x 8 four-wire digital crosspoint Integrated
circuit is achievable for use in tactical switching matrix for use in the 1980s through
LSI production technology.

Note that the Space Division network dascribed in paragraph 2,1,1,3.1 contains 2400
terminations, TD arrays of paragraph 2,1, 2 contain approximately 3000 termina-
tions for a 2400-line switch, Thus, in order to establish a valid basis for the com-
parison of the two techniques the number of crosspoints for Candldate 1 will be in-
creased by 40 percent.

2.1,3.1 Size/Weight Comparison

Matrix size and weight calculations have been performed for all five candldate systems
for 300-, 600-, 1200- and 2400-line arrays. A preliminary step in the determination
of size/weight of electronic equipment is the estimation of the number of integrated
circuits required. Tables 1 and 2 yield the results of such a chip count for each can-
didate matrix. The space division matrix (Candidate 1) will be presumed to be com-
posed mainly of 40-pin chips while the composition of the remaining candidates will
consist predominantly of 16- and 18-pin chips.

The volume of a typical 18-pin IC package is approximately 0. 054 cubic inches while
a 40-pin chip occupies approximately 0,252 cubic inches, Reference 3 estimates
equipment volume by using a stacking factor of 0.5. Thus space requirements may
be calculated by multiplying the chip quantities of Tables 1 and 2 by 0. 108 for the time
division candidates and 0. 504 for the space division candidate.

Although such packing densities may be achievable, for reasons of maintainability and
cooling this extremely dense component packing may not be desirable. Present com-
mercial packaging techniques yleld packing densities approximately one tenth of those
indicated in Reference 3. For the purposes of this analysis a more conservative ap-
proach than that presented in Reference 3 is deemed appropriate and volume estimates
of Reference 3 are increased by a factor of ten to make the estimates more consistent
with packing densities achievable with best current commercial practice. Thus the
volumes shown in Figures 20 and 21 were derived by multiplying the chip quantities of
Tables 1 and 2 by 1,08 and 5, 04 for the time and space division matrices, respectively.
The results are shown In Figures 20 and 21 assuming an average trunk occupancy of
0.5 and 0, 8 Erlangs, respectively. An important feature of the curves is that the
space division array (Candidate 1) occupies from 4 to 7 times the space required by
its nearest time division counterparts (Candidates 2, 3, 4, and 5), Note that for sys-
tems with less than about 400 or 500 lines the smallest matrix is Candidate 3. How-
ever, throughout the remainder of the range Candidate 5 is the most compact, In Fig-
ure 20 Candidate 3 is actually the largest of the TD systems for matrices greater

than about 2000 lines. Thus the choice of the most compact system is strongly de-
pendent on the distribution of switch line capacities expected.
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Table 1. Chip Quantities for Candidate Matrices (a=0. 5)

¥
Lines| 300 600 1200 2400
Candidate . ' :
1 515 1029 2058 4116
2 414 897 1794 3588
' 3 120 520 | 1280 4560
g 243 405 972 2160 ' :
"B 168 364 896 2128

Table 2. Chip Quantities for Candidate Matrices (a=0. 8)

: m:u 300 600 1200 2400

Candidate ,
1 687 1378 2748 5495
| 2 483 | 1085 2070 4140
' 3 120 520 2280 T 5280
4 324 702 2052 4752
5 196 420 1176 2688
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i In order to develop a tradec parameter to compare ISMTC matrix candidates on a
size and weight basis, it is desirable to adjust the values by the distribution of switch
line capacities expected in field operation, The AN/TTC-39 specification (Reference 4)
provides guidance in this respect. The anticipated distribution of AN/TTC-3C switches
is glven by Table 8. Note that 93 percent of the switches have a capacity of 600 lines
or less, A single figure of merit which may be more indicative of a cendidate's overall
space requirements is a weighted average of the range of switch volumes. This is ob- !
talned for a specifio candidate by multiplying the volume for each line capacity by the !
corresponding percentage of switches (given in Table 3) of that capacity und summing
the results for all switch capacities, These calculations were performed and the re-
sults obtained are shown in Table 4 for all five candidate systems, Average volumes
are given for both 0.5 and 0.8 average trunk occupancy. Table 4 indicates that the
average matrix volume in a typlcal network composed of Candidate 5 1natrices de-
signed to handle 0.6 Erlang traffic loading is 310 cubic inches. This weighted average
for the volume parameter is less than that for any of the other candidates.

2.1,3.2 Power Consumption

A plot of power consumption versus number of lines for the candidate matrices at 0.5

and 0.8 average trunk oocupancy (i.e., Erlangs) is given in Figures 22 and 23, re-
spectively. Calculatione were based on 300-, 600-, 1200- and 2400-line configura-
tions.

‘The power consumption for each of the TD matrices was determined by first tabulat-
ing the number of chips of each type (e.g., RAM, Multiplexer, Shift Register, etc.)
in each candidate, The power dissipation for each chip type was determined by re-
ferring to recent (1973) catalogs for comparable chips. The total power consumption
for each matrix was then calculated by multiplying each chip dissipation by the quan-
tity of chips required and then lummlng the results for all chip types.

The results of the above analysis are projected for 1976 by inultiplying by 0.8. This
0.8 figure is derived from Reference 3 which projects an average 7. 7 percent de-
crease per year in bipolar gate dissipation between 1971 and 1975 and a 3.7 porcent
decrease per year during the 1975 to 1980 time frame,

Power consumption calculations for the space division matrixare based onthe assump-
tion that the crosspoint chips are CMOS integrated circuits and the maximum data
rate is 32 kb/s. CMOS gate power consumption is proportional to frequency. Pres-
ently a typical CMOS gate dissipates approximately 50 uW at 32 kb/s. Of the approx-
imately 800 gates on each 8 x 8 crosspoint chip only & maximum of 32 gates are op-
erating at the 32 kb/s rate, This analysis yields 1.6 mW per chip for 1.0 Erlang
occupation per line. The corresponding figures for 0.5 and 0.8 Erlangs are 0.8 mW/
chip. The maximum number of chips carrying 32 kb/s traffic in the 2400-line space
division switch of Figure 10 is about 560, Thus, the maximum power dissipation
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Table 3. AN/TTC-39 Switch Distribution

Subscriber Loops Percent of Total
and Trunks Switches
1650 1
300 55
600 40
1200 3
2400 1 lE
|
t .
l |
! Table 4. Matrix Tradeoff Parameters (Average for 300 to 2400 Lines) :
3 Cost
Size (in) Weight (Ibs) | (Normalized) | Power (Watts)
' Candidate |a=0.5 |a=).8 |2=0,5 |a=0.8| a=0,5 | a=0. 8 [a=0.5 | a=0. 8
i 1 4046 |6404 | 101 | 136 | 9.0 | 12.0 | 367 | 498
2 730 | 850 18 21 | 2,0 3.6 | 124 157
3 390 430 10 11 1.4 1.6 94 103
4 380 620 10 16 1.2 2.4 78 127
5 310 | 870 8 9 | 1.0 1.2 67 79
|
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anticipated for a 2400-line space divislon matrix due to the CMOS crosspoint chips is
approximately 728 mW (560 x 1, 3 mW),

In addition to the crosspoint chips the space division matrix requires line drivers to
interface the 300-line modules to form a 2400-line matrix. Assuming 75 mW/line
driver and 33, 600 drivers yields about 2, 500 watts ior 2400-line matrix designed to
handle 0.8 Erlang traffic.

An interesting aspect of these curves is that on a power consumption basis the space
division matrix is more competitive relative to the TD candidates in comparison to the
results obtained in the size tradeoff. Although on a weighted average basis the space
division technique is about 5 to 15 times the size of the TD schemes, the power con-
sumption is only 3 to 6 times that required for those systems. It should be noted that
virtually all power consumed in the space division matrix is due to the line drivers

required to interconnect the 300-line modules which are the building blocks for larger

switch sizes. This is because the crosspoint chips are assumed to be fabricated with
CMOS for which the switching power consumption is proportioned to frequency. The
32 kb/s maximum rate required for the digital space division approach results in very
low power requirements. An inherent feature of all space.division arrays is that only
a small fraction of the total number of crosspoints are closed at any time, even for
peak traffic loads., This factor, combined with the CMOS power ccnsumption char-
acteristics, results in an estimated maximum power requirement of less than one watt
for the total number of crosspoints necessary for a 2400-line space division matrix
exclusive of line drivers, Thus, if it were deemed advisable to remove power from
the unused line drivers of the smaller switch configurations, then space division ma-
trices below 1200 lines would be quite competitive from a power consumption point of
view. For example, the power requirement for a 1200-line matrix would be cut in
half by removing power from the unused line drivers.

Figures 22 and 23 indicate that, below the 400-line region, Candidate 3 uses the min-
imum power of all the candidates. For larger switches the best choice from a power
requirement point of view is Candidate 5. Again as for size, an overall tradeoff fig-
ure of merit reflecting the distribution of switch capacities is the weighted averages
of power consumption for each candidate as shown in Table 4, This table indicates
that minimum power consumption results from a switched network composed of Can-
didate 5 type switches.

2.1,3.3 Cost .

Figures 24 and 25 represent the relative costs of the various candidate systems using
certain results obtained in Reference 2, The present costis have been normalized
relative to the least costly matrix (Candidate 3 at 300 lines). It is expected that the
costs of each candidate with respect to one another will not change appreciably in the
near future.
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Agaln Candidate 5 is the least expensive approach for larger systems and Candidate 3
is the most economical for small systems. The weighted average for all system sizes
shown in Table 4 indicates that Candidate 6 requires minimum cost,

2.1.3.4 Summary and Conclusions

Table 5 compares all five candidate systems with respect to various factors, As |
shown, signaling and technical control considerations have little effect upon the choice
of the matrix, In the transmission area the Digital Space Division switch is at a rel-
ative disadvantage since additional multiplex equipment is required to form trunk
groups, The differences with respect to common control are illustrated by listing the
number of data bytes required for a single four-wire call set up for each candidate.
The greater the number of bytes that must be transferred from the processor to the
connection control for all setup, the greater the processing time required. However,
the difference in processor workload for the various candidates due to this data trans-
fer is estimated to be less than 0.1 percent and is, therefore, considered negligible,

TRy e —

The values representing size, weight, power, and cost are weighted averages with
respect to the TRI-TAC switch size distribution given in Table 3. Each weighted ]
average has been normalized by dividing by the minimum value In each of the afore- .
mentioned categories, For example, the power consumption of Candidate 2 at

0.8 Erlangs average trunk occupancy is 2.3 times that of Candidate 5 a'. 0.5 Erlangs.

It is concluded that the choice of a specific matrix type is relatively insensitive to
technical control, transmission, common control, and signaling considerations and
should be selected predominantly on the basis of cost, size, weight, and power require-
ments, If the chosen approach is to be modular accommodating 300 to 2400 lines (as
opposed to different matrix types for different switch sizes) then Table § indicates that
Candidate 5 is the favored choice.

2,2 SWITCH CONTROL

2.2.1 Common Control

In the previous sections various switching techniques have been described. The dis-
cussions thus far have pertained only to the matrix portions of the switch, The matrix
is an array of crosspoints which actually establishes the physical connections between
users and also between common equipment and trunks or lines, An important and
complex aspect of switch design is the control of the switch subsystems which include:
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Matrix

Digit Receiver (DR)

Trunk Send Buffer (TSB)

Trunk Recelve Buffer (TRB)
Conference Bridge (CB)
Supervisory Tone Generator (STG)

Matrix connections are controlled by the processor via the connection control (CC).
For both space and time division arrays the CC serves as the memory for the matrix
in which the status of each crosspoint i8 recorded. In this way the matrix operates
independently of the processcr unless a connection is to be altered. The setup or
release of a connection is iuitiated by the processor by transferring connection data
into the CC. Once this dsta is stored the CC acts to control the matrix in such a way
as to implement the new connection,

The following paragraphs deal with the mechanisms by which the processor controls
items 1 through 6 above. Processor functions and characteristics are described in
detall in Section 5.4.

2.2.1.1 Connection Control

The CC provides the control words to the matrix for switching any channel input to
any channel output, The CC possesses a memory which contains the information
needed to specify all current connections through the matrix, For the most part, the
CC operates independently of computer control. The central processor intercedes
only to change call connections by transmitting new data to the CC memory. It should
be noted that the CC may be segmented and distributed among the basic modules and -
even among the space division crosspoint chips, Thus, although functionally separute,
the CC may physically be an integral part of the matrix.

2.2.1.1.1 Space Division Array Connection Control

The CC memory of the space division array described in paragraph 2.1.1 is the
16 flip flops on each chip shown in Figure 7. Each bit represents the status of one
crosspoint, The status of the crosspoint is changed by clocking a new binary state
into the flip flop.

A blook diagram {llustrating one possible method of space division matrix control is
shown in Figure 26. Each 4 x 4 four-wire matrix ohip requires six control inputs;
four determine the crosspoint, one selects the chip, and one defines the new orosspoint
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status (open or closed), The matrix will be assumed to be a three-stage array, Thus,
in order to establish a path through the matrix three crosspoints must be set, one for
each stage. It is assumed that the three crosspoints will be set sequentially, Three
data bytes (1 byte = 8 bits) are required from the processor in order to set each cross-
point, ’

A possible format for these control words for a 2400-line switch is shown In Figure 27,

Crosspoint
Status

Crosspoint
Stage No. Chip Identification Select /\/

byte No. | byte No.2 byte No.3
X = Not used

Figure 27. Space Division Control Word Format

The first two bytes determine the matrix stage number being operated on and identify
the actual 4 x 4 chip. Note that the thirteen bits used for chip identification have the
capacity to uniquely specify one of 8,192 chips per stage. The unused bit in byte #1
could be used to double this capability, if necessary, The fifteen bits of bytes 1 and
2 are decoded in the CC interface (see Figure 26) which activates one (and only one)
of a possible 24,576 chip select lines (8,192 x 3),

The third vontrol byte (see Figure 27) specifies which of the sixteen crosspoints
within each chip will be selected (4 bits) and the new status of the crosspoint (1 bit),
These five bits are bussed to all crosspoint chips as shown in Figure 26.

2.2,1.1,2 Time Division Array Connection Control

As described in the time division matrix discussion in paragraph 2,1,2.1, the CC may
" be segmented and distributed among the basic modules and stages. The memories
used for this application are semiconductor Random Access Memories (RAMs), Each
RAM is responsible for the control of a single matrir. stage contained on one basic
module. Thus, the size of each RAM is dependent oa the number of matrix termina-
tions per module, the degree of modularization, and the number of stages.

One possible CC implementation i{s shown in Figure 28. The figure shows N RAMs
representing the total CC memory associated with the matrix, Each memory location
within a CC RAM contains a data word which uniquely specifies a connection through
one stage. A counter supplies each RAM with consecutive addresses to be read out,

48




wexdelq ¥OOIF 10400 XIIJBW UOISIAKT W] °82Z dInBrJ

sSng viva

N 318YNT © | 39v4u3iNI Le HOSS3I084
95 |6 Wous

¢ 378VN3

\ J

‘0|
N'ON ¥OM T.| 2o s T | 318VN3

0400 sS.JppY — — |

<
XidlvN Ol




ERE Al I e * o Wi

The counter is allowed to cycle repeatedly, thus causing the RAM to periodically
output its entire contents of control words. Each control word corresponds to one
input highway or time slot, The location of this word within the RAM determines the
output time slot, i

When it is desired to change a call connection, the computer outputs the required
number of control words to the CC interface which stores the information in registers.
This information must specify the RAM identification number, the control word, and
the address within the RAM whore the word is to be stored. The CC interface decodes
the RAM identification number and enables the applicable Write Control Register
(WCR). The address and data words are sent to the WCR via a data buss and stored,
the address on the left and the control data on the right. Next the address contained
within the WCR is presented to the RAM address inputs, Once the ""Write" command
is given, the RAM accepts the new control word from the WCR and stores it in the
specified address. Thus, a new connection has been implemented.

2.2,1.2 Common Equipment
Items 2 through 6 of paragraph 2.2,1 are shared by a large number of lines or trunks

and are referred to as common equipment, Further detalls on the operation of these
devices are contained in Section 5,2,

- e

Each of these items occupy one matrix termination except the Supervisory Tone Gen-
erator (STG) which may occupy a dozen or more depending on the number of different
supervisory signals required, Each signal is connected to a unique termination. A
table relating specific signals and tcrminations can be established in the processor
memory, The processor may provide any of these supervisory signals to any sub-
scriber by merely establishing a matrix connection from the proper STG termination
to the applicable line, Furthermore, the inherent ability of TD switches to make
"one-to-many" connections permits the same tone to be broadcast to any number of
lines simultaneously.

The digit receiver, trunk send buffer, trunk receive buffer, and conference bridge,
unlike the STG, are capable of servicing only one request at a time, Thus, during
heavy traffic service queues may develop for each of these devices resulting in ser-
vice delays, Each of these devices is connected to the corresponding line or trunk
by means of a matrix connection under program control (see Section 5,2 for further
detalls),

2.2.2 Line Load Control

Line load control could be applied automatically as a result of local decisions made
in the ISTMC software. In this case it is called adaptive line load control. The
application is usually moderate in the extent of lines (or calls) denied service and
would be applied in response to gradual overload conditions as detected by the

.
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technical control traffic monitoring routines. Where overload is rapid and excessive,
a more extensive deniel of service to a large number of line groups I8 required and
will be controlled by the Systems Control Node responsible for that tactical area,
This procedure is called drastic line load control, The Systems Control Node can
have available to it a more moderate denial of service through selective line load
control as well as a number of subsidiary techniques to 1imit call duration and dura-
tion of the ringing signal,

2.2,2.1 Adaptive Line Load Control

The adaptive line load control could be achieved by denying service to routine and
perhaps low priority users on a class of service or priority basis. As this is a
random application, all lines in this category will be denied service equally during
overload periods without any one line or group being singled out,

This control would deny service to routine users and the number of denials would in-
crease with the degree of overload. Agaln, this control may be applied only under
overload conditions as determined by the thresholds set in the traffic monitoring soft-
ware routines, This service denial by class and type of service requires a modifica-
tion of the translation tables to indicate the class of service to be denied. This would
be indicated to the common control processor which in turn would deny any request
for service by action of the input dial digit receivers,

Figure 29 shows a functional flow dlagram of the interactions required between the
switch processor and the sensing and control hardware, Following the sequence of
events one through seven as shown on the figure, the processing of the service request
(off-hook signal) would be the same as a normal request up to the translation stage at
which point the class of service would show a service denial and so indicate to the
originating register. The originating register cancels dial tone and forwards a Forced
Service Denial request to the translation program,

In this manner of disposing of the service requests, dial tone is never applied to the
line by the common control call setup routine and, therefore, congestion in the switch
matrix is avoided, In order for the line load control procedure to be adaptive to the
degree of overload, the application of the procedure is automatic and based on logic
inputs from the main traffic load monitor, As overload continues or increases, the
number of classes denied service increases, As the load diminishes, the number of
classes denied service decreases until the normal load is reached as indicated by a
threshold setting contained in software. As shown in Figure 29, it would probably be
advisable to provide a manual entry key to initlate line load control under operator
control. The manual start key may take the form of a commaund generated at the
operator command console,
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2.2.2.2 Drastic Line Load Control

Drastic line load control should be under the command of the Systemn Control Element
based on area-wide traffic data supplied automatically by the ISMTC traffic monitors.
It is invoked under the conditions of rapidly bullding and extensive overload as indi-
cated by excessive call delay and high call arrival rate,

Drastic line 1oad control is applied directly to specific line groups by the manual
action of the local switch operator or automatically by the program intervention of the
ISMTC processor or Communication System Control Element (CSCE) processor. In
either case hook scanner recognition of call requests is denied system users, Drastic
line load control differs from adaptive line load control in that the degree of denial of
gervice is not varied with traffic load conditions, The denial of originating (out-going)
service can be accomplished without restricting the ablility to receive (incoming) calls,

2.2.3 Trunk Barring

Barred trunk access, or trunk load limiting, is a technique whereby certain users of
the network are denied access to the trunking system but are permitted interconnec-
tion to other users homed on the same switch, Barred trunk access can be either
adaptive or fixed, In either case, initiation and/or coordination of the control func-
tion ie required from the CSCE due to the effect on other system nodes resulting from
the disturbance to the internode trunk connectivity. Adaptive control adjusts trunk
barring action to the degree dictated by the network congestion. Fixed trunk barring
schemes generally drastically reduce the number of trunks available to the routine
user in a way which is unresponsive to short term improvements in the congestion
situation and, therefore, is often rveferred to as "ruthless" barring.

2.2.4 Call Limiting

. Other metbods of limiting traffic congestion can be implemented by the System Control .
Element short of the denial of service results from line load control or trunk barring.
These involve processor imposed reptrlotlons on call duration and ringing time.

2.2.4.1 Call Duration Restrictions -

Call duration restrictions can be imposed on lines by class and/or type of service by
the addition of an Automatic Dlsconnect Routine (ADR). This routine times calls ini-
tiated on marked lines and, when the preset interval expires, causes call disconnect,
If this technique is used, it is generally recommended that a warning tone be inserted
on the line shortly before disconnect occurs,




In addition to providing the ADR, modifications are required in the network control
and call disconnect programs, Also, class marking additions have to be built into
either the line termination hardware or the control software.

2.2,4,2 Limited Ringing Duration

Limit control of ringing time can provide some lessening of congestion by decreasing
trunk seizure overbead time. Provision of a timed ringing control routine would
permit the monitoring of each call initiation attempt and provide a forced ringing dis-
connect at the end of the preset timed interval (e.g., one minute), Use of this pro-
cedure can be restricted to routine calls if desirable. This procedure, however,
would have little effect during severe congestion,

2.3 SPECIAL SERVICES

_ Tactical network switching centers are generally required to provide special services
in addition to call connect and disconnect, As & minimum, priority recognition and
preemption are provided, The advent of flexible processor controlled switches per-
mits the introduction of other special services to make the communication system
more responsive to the needs of its users, Some switch services are accomplished
in software, placing an increased load on the processor, while others are accomplished
in hardware, increasing the equipment complexity. An integrated facility supporting
tactical communications for the 1980s should supply the following special services as
a minimum; priority 1ecognition, preemption, conferencing, off-hook (hot-line) ser-
vice, and attendant recall. In addition, consideration should be given to providing
abbreviated or compressed dialing, call transfer, call forwarding, and camp on, The
special service features of interest to the integrated switch/multiplex/technical con-
trol complex are discussed in the following paragraphs,

2.3.1 Precedence and Preemption

A priority (precedence) rating is generally assigned to military users to reflect the
relative importance of their communications, Preemption is the action of interrupting
an established connection between two users of lower priority and reseizing the access
line or trunk when there is no idle circuit available to complete a higher priority call.
The specifications for the TRI-TAC switch (AN/TTC-39) recognizes five levels of
priority for the users of the circuit switch in descending order of precedence as
follows: Flash Override (FO), Flash (F), Immediate (I), Priority (P), and Routine (R).
The DS AUTOVON switches also use a five-level precedence scheme with precedence
designations consistent with those given above. It would be desirable, therefore, for
the integrated facllity to employ a precedence scheme consistent wth the above,

The implementation of the priority and preemption plan must be considered in the
ISMTC design. The awitch actions required are as follows,
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If a user selects his allowable priority or a lower priority, the call setup proceeds in
the normel fashion, If a user is not permitted the call priority requested, the switch
must automatically notify the user that he is not entitled to that priority. Flexibility
would be enhanced by implementing the line priority identification by means of the
stored program approach rather than hardwired, By this means the switch operator
can reassign priority classes through the command console,

Before preemption takes place, a disconuect (preempt) signal must be sent in both
directions to notify the users that they are to be disconnected. The switch must then
disconnect the line from the existing call, connect the higher priority call, and return
an identifiable signal to the disconnected user or users. Generally a busy signal is
sutisfactory for this purpose preceded by a distinctive tone to permit the user to
identify the type of disconnect,

2.3.2 Conference

The ISMTC must provide the capability for both rondom and preset conference calls,
A random, or progressive, conference is based on the technique whereby the con-
ference initiator sequentially dials each desired conferce iato the conference, The
conference initiator generally waits to verify the success or fallure of each conferee
connection before proceeding to dial the next conferee on the vonference list, Gen-
erally, access to the random conference service is obtained by dialing, or keying, an
assigned digit at a predetermined position in the dialing sequence, A preset, or pre-
programmed, conference is initiated by dialing a preset code which is related to a
preset list of conferees; that is, the code is translated into a preprogrammed list of
outgoing codes and the switch automatically establishes a connection to the conferees
associated with the codes.

A major distinction exists between the two in terms of the switch implementation, The
preset conference implies the use of software routines and conferee address tables
stored in the switch, The amount of storage capacity required is a function of the

| number of preset conferences permitted and, therefore, this capability should be
restricted as much as possible, The response time requirement for preset confer-
ence setup would permit the use of auxiliary storage such as drums or discs to store
the address of each conferee, Space aud weight requirements should be considered,
however, before the number of preset conferences are assigned per switch,

Progressive or random conferences are primarily a function of switch hardware
since conference addresses are supplied sequentially by the user or switch operator.
The common control can treat call setup in the manner it does for ordinary calls,
Limitations are imposed by conference bridging hardware.
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2.3.3 Broadcast

Broadcasting provides the means for a calling party to reach a number of predesig-
nated users simultaneously, The broadcast service is similar to the random and pre-
set conference with the exception that transmission is one way, i.e., unidirectional
from broadcast originator to the called parties. The impaot on the switch and its
storage requirements is similar to that discussed in the conferencing paragraph
above. Tactical requirements usually place greater emphasis on the preset broad-
cast capability to handle rapid command dissemination to the affected echelons, As

a result, response requirements in some cases will be more severe than the con-
ferencing requirement, ¢

2.3.4 Abbreviated Dialing

Abbreviated dialing, or keying, consists of making speclal arcangemerts to place
calls to a number of predetermined address2s by dialing a two- or three-digit code.
The two- or three-digit code is translated in the switch processor to the full address.
The switch processor stores the full address required to establish the interswitch
call and, therefore, the load on the processor is a function of how many users are
permitted to use the abbreviated dialing procedure, Naturally this procedure should
be limited to those users requiring rapid emergency response,

Repertory dialers can be used if the requirement for spead is not essentlal but

rather the ability to remember the number of the called party. In ‘bis case the equip-
ment complexity 18 moved from the switch to the user's end instrument, Both me-
chanical and electrical repertory dialers are available to serve this function. Me-
chanical dialers are usually achieved by insertion of a prepunched card while elec-
trical dialers generally have magnetic memories,

2.3.5 Call Transfer

This service provides the user with the capability to transfer an incoming call to
another directory number. When an incoming call is answerad by the called party,
that party is able, by switch hook or button operation, to place the existing call on
hold and obtain connection to a register. A new number is then dialed and the party
on hold is automatically transferred to the = 3w number when the transferring party
goes on hook, This is basically implemented in hardware with little impact cn the
stored program,

2.3.6 Call Forwarding

with this service a user can have all incoming calls automatically transferred tempo-
rarily to a different telephone by dialing a unique code followed by the number to which
he wishes his calls transferred. The information he dials in is used to update the
directory table to permit connection to the new location, This condition exists until
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the reverse transfer is made. This service has more impact on the processor portion
of the switch than does call transfer, since software changes to the user-line address
table must be performed in response to the user's request. The hook scanning routine
is required to recognize a call forwarding request and notify the operating program
which in turn is required to call upon a special application program which alters the
user-line address table,

2.3.7 Hot-Line Service

Hot-line service can be provided on bnth full period and demand basis, On the demand
basis, when the hot-line is not being used, the trunking is used for lower precedence

traffic, If a hot-line subscriber uses the same instrument for hot-line calls as that for

conventional calls, the service request must be accompanied by a special off-hook
signal denoting request of the hot-line. The switch then immediately establishes the

_call to the previously stored number. The automatic sole-user call setup routine can

preempt all other calls to assure virtual hot-line service. The call setup delay can
be well under one secord and, therefore, appear to be negligible to the user, An ad-
vantage to this approack is that the ""dedicated" hot-line has the full alternate routing
and restoral capability of the switched network and is monitored by the technical con=-
trol portion of the node,

Full period hot-line service requires a permanently established connection, It is
recommended that the ISMTC handle this on a wired-through basis but with the user
line terminated on the TDS/TDM matrix to obtain the advantage of the technical con=
trol rearrangement, fault, and quality monitoring routines,

2.3.8 Camp On

The camp-on service eliminates the need for a calling user to redial the called party
if the called party is presently busy; that is, the calling party can remain off hook and
wait until the called party goes on hook. When this occurs, the switch automatically
completes the connection, Implementation of this feature is not difficult from a hard-
ware and software standpoint, but has a serious network disadvantage for interswitch
calls, The originating and intermediate switches will be required to seize trunk and
matrix connections in anticipation of eventual call setup, During busy conditions this
offers a subastantial phantom traffic load to the system, TFor this reason, camp-on
capability is generally not implemented in switched networks, Camp on can have
utility as a user service for intraswitch calls and for interswitch calls if procedural
arrangements are programmed into the processor to prezmpt camp-on calls for all
other call requests,




3.0 MULTIPLEXING/DEMULTIPLEXING

A major objective of this study is the incorporation of the multiplex function into the
switch as an integral part, or as distinct elements, of an integrated design. The ad-

vantages of such «n approach include:

1. Simplification of fault and quality monitoring.

2, Decreased size, weight, and power requirements.

3. Simplifiec field setup (cabling, interconnections).
An important consideration in the switch/multiplex design is that a sufficiently high
degree of flexibility be maintained to accommodate the required range of trunk group-
ings. Although the precise trunk group sizes have not as yet been specified for the
19808, a design approach is presented in the following paragraphs which will likely
provide the desired flexibility. ¥

3.1 MULTIPLEXING TECHNIQUES

3.1.1 Frequency (Space) Division Multiplex

In frequency division multiplex systems, each channel of the system is assigned a
unique portion of the frequency spectrum. The total amount of handwidth required
per channel is dependent upon the type of modulation plan used 0 place each channel
into its assigned portion of the frequency spectrum. There are basically three types
of modulatior plans used in FDM systems. They are:

o Single Sideband, Suppressed Carrier (SSB-SC)
e  Double Sideband, Emitted Carrier (DSB-EC)
® Double Sideband, Suppressed Carrier (DSB-SC)

There are specific applications where one type of modulation is already preferable to
the others, not so much from a performance standpoint but from an economic point of
view. For example, when considering the cost of multiplex equipment alone, the cost
of the SSB-SC modulation systems is higher than that of the other two. This is pri-
marily due to the cost of the additional filtering required to remove the unwanted side-
band and carrier. However, for this additional cost, voice frequency channels can
be placed adjacent to each other, each occupying 4 kHz of the frequency spectrum.
When the number of channels involved is large or where the transmission path is long,
the additional cost of the terminal equipment is more than offset by a fuller utilization
of the bandwidth available in the transmission path. For example, in a radio path
having a baseband bandwidth of 2, 5 MHz, 600 SSB-SC channels can be accommodated.
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This same radio facility could accommodate only 300 DSB channels. As a result
SSB-SC has become the predominant method of frequency division multiplexing.

The same basic considerations as outlined above will apply to a coaxial cable system
where the cost of the cable and the associated repeaters forming the transmission
path may be significantly larger than that of the terminal equipment.

Double sideband, emitted carrier, provides the least expensive circuitry on a per
channel basis. Transmitting the carrier on each channel has the disadvantage that
the repeater is called upon to handle a larger amount of power. This disadvantage
is somewhat alleviated with the DSB-SC method, but at the expense of complicating
the terminal equipment since means myst be devised to recover (re-insert) the car-
rier at the receiver. The DSB-EC and DSB-SC approaches are very seldom used in
modern multichannel FDM design.

It should be noted that existing FDM equipment was designed primarily for oputimum
transmission of voice frequency signals. Since voice and data signals differ appre-
ciably, digital transmission via FDM is far from optimum. In addition, FDM does
not permit functional integration with the switch as does a TDM/TDS approach (i.e.,
switch and multiplex in one equipment unit), Also, advances in LSI circuitry favor
the digital or time division techniques to achieve cost, size, and weight advantages.
Thus, FDM is not recommended for ISMTC applications.

3.1.2 Time Division Multiplex

Time Division Multiplex (TDM) is a technique used in transmitting two or more digi-
tal signals over a common path by using different time intervals for different signals.
When TDM is applied to digital communications systems, data bits from different
users are interspersed in time and transmitted sequentially over the same data com-
munication channel. In other words, the communications channel is "time shared"
by the users. In operation, the TDM equipment sequentially scans (samples) each
incoming line and simultaneously connects the line being sampled to the output line.

A framing pattern is inserted by the transmitting TDM unit to permit synchroniza-
tion. This framing pattern is used as a reference to enable the receiving equipment
to distribute the received data to the proper output line.

The essential requirement for TDM equipment is that the time division plan be com-
patible with the bit rates of the inputs. Although TDM equipment is primarily used
for the purpose of transmitting digital data signals, analog signals (voice, analog
facsimile, quasi-analog data, etc.) can also be accommodated provided they are pre-
processed via analog-to-digital conversion equipments, e.g., pulse code modulation
(PCM) or delta modulation equipment.

o
An extremely important advantage of TDM is that the objective of integrating the mul-
tiplexing and switching function ‘s readily and economically achieved. Paragraph
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2.1, 2.1 describes four time division switch systems which utilize time division
multiplexing and demultiplexing to perform the switching function. In each of these

schemés TD highways are accessible for use as TDM trunk groups without the aid of
external multiplex equipment.

Another advantage of employing TDM techniques is that bulk encryption could be used
rather than having to encrypt each channel separately, as would be the case if all digi-
tal sources were fed directly through modems into an FDM system.

3.1.3 TD-968 ()/G

The multiplexer TD-968 ( )/G converts 3, 6, 12, or 24 four-wire voice-frequency
channels to a time-division-multiplexed, pulse-code-modulated (TDM-PCM) signal
for use in a digital transmission system. This multiplexer provides a link between
existing analog users and the expanded digital t-ansmission facilities of the Defense
Communication System (DCS). The TD-968 ( )/G is designed to accommodate analog
telephones, data modems, and facsimile equipment. This multiplexer is compatible
with the AN/GSC-24 (V).

However, the present planning for the all digital tactical environment of the 1980s
provides for the accommodation of analog signals via delta.modulation. The use of
PCM is not anticipated and, thus, the TD-968 ( )/G would not be applicable to the
ISMTC.

3.2 MULTIPLEX DESIGN APPROACH

A major objective of this program is to integrate to the maximum possible extent the
multiplex function into the ISMTC complex. Of vital importance to tactical systems
is the requirement that the multiplex schemes be sufficiently flexible to easily accom-
modate a wide range of local trunking requirements.

In order to formulate a complete multiplex design approach for the ISMTC, the spe-
cific trunk groupings envisioned for the 1980 time frame are required. For tactical
networks, 32 kb/s dzlta modulation (CVSD) will likely be the means of digitally en-
coding voice signals”. Unfortunately, no trunk grouping standards presently exist for
32 kb/s delta modulation derived signals. Trunk group sizes have been assumed in
the following discussion which are consistent with those discussed in the section on
matrix considerations.

4Baa!ed on recent voice digitization developments, there has been some indication that
16 kb/s or even 8 kb/s, digitized voice equipment may be practical in the time frame
of concern to this study (i.e., 1980s). This study, however, uses 32 kb/s since this
rate is the presently accepted tactical line rate.
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3.2,1 Matrix/Trunk Group Formatter Interface

Trunk group sizes of 15, 30, and 60 trunks are used in this discussion for the tactical
trunking configuration. Surveys done during prior work (Reference 2) have indicated
the suitability of this sizing. In addition, trunk group sizing of 10, 20, and 40 trunks
per group are desirable for interfacing with the strategic network. Figure 30 is an
example of how such trunk groupings may be accommodated by a switch matrix with
60 channel input/output highways. Note that the 60-channel highways have been mul-
tiplexed/demultiplexed into 20 (or 15) channel highways. These lower capacity high-
ways may now be combined or split in the trunk group formatter (TGF) to form the
aforementioned trunk groups (see paragraph 3. 2. 2).

g7 Vs T e o S i
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Figure 30. Trunk Group Combining/Decombining

It is important to note the flexibility achieved for handling tactical or strategic trunk
group sizes. The same four-input multiplex chip is used for 20- or 15-channel inputs.
The only difference between the two applicetions is the timing signals supplied and the
fact that one input is not used for the 20-channel application. Thus, the matrix can
now accept almost any combination of 20- and 15-channel highways depending upon
which ‘imin¢ signalr are supplied to which multiplexer/demultiplexer. Also note that
with suitable modifications other trunk group sizes which are submultiples of 60 chan-
nels (i. e., 12 channels) may also be accommodated in a similar manner.

The group combining/decombining function has been assigned to the matrix for several
reasons, First, all the high speed signals are confined to the matrix. Thus, inter-
face with external components is possible at lower bit rates. Furthermore, the addi-
tion of these multiplex/demultiplex functions to the matrix is trivial to implement
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since all incoming signals are already synchronized by the TGF. Reliability is a -
further factor to be considered. It is desirable to minimize the vulnerability of the
system to a single fault which may affect an entire 60-channel highway. If the group
combining/decombining were implemented elsewhere, 60-channel highways would at
some point be transmitted to (or from) the switch matrix through a single integrated
circuit. However, by integrating the function into the matrix (see Figure 30) the re-
liability of critical points may be increased through the use of appropriate redundancy
techniques.

3. 2.2 Trunk Group/Trunk Group Formatter Interface

‘The multiplex/demultiplex at the interface between the trunk groups and the TGF must
also be considered. In the above paragraph, the advantages of combining/decombining
several smaller size trunk groups into a 60-channel highway within the matrix was dis-
cussed. The result was a matrix with lower rate trunk group input and outputs (e. g.,
15- or 20-channel trunk groups) instead of high speed 60-channel highways.

Consider the case where the switch must accommodate trunk group sizes of 10, 20,
and 40 channels. The matrix would contain 20-channel input/output groups. These
groups must be multiplexed/demultiplexed outside the matrix to form the desired 10-,
20-, and 40-channel groups. The TGF could provide for this function,

The output combiner/decombiner functions of the TGF are shown in Figure 31. The
inputs are from the matrix in the form of two 20-channel groups. Both groups are
multiplexed to produce a 40-channel group which is sent to the selector gate. One 20-
channel group is split into two 10-channel groups and transmitted to the selector gate
along with the original 20-channel group. A two-bit control word at the selector gate
is used to determine if the output is a 10-, 20-, or 40-channel group.

3.3 SWITCHING OF NON-32 kb/s SIGNALS

Terminal equipment data rates planned for the future long haul and tactical communi-
cation systems are (Reference 5)

ma, 25 x 2 ™ Bds or b/s
b. 50.0 Bds or b/s |

c. 75 x 2™ Bds or b/s, up to and including 9600 Bds or b/s, where M
is a positive integer 0, 1, 2.... 7.

d. The modulation rates (expressed in Bds) and the data signaling rates
(expressed in b/s) above 9600 Bds or b/s are based on %G00 x N..... »
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The handling of the very low bit rates in categories (a) and (b) above is inefficient in
a high speed sy3tem such as the ISMT C unless the individual channels are multiplexed
prior to introduction to the main TDS/TDM matrir. Thus, the rates described by (a)
and (b) should be multiplexed external to the ISMT C with a low data rate (telegraph)
submultiplexer to achieve necessary transmission efficiency.

Rates which are multiples of 8000 b/s are multiplexed/demultiplexed external to the
TDS/TDM matrix to satisfy interface requirements. Using present techniques this
should be a fairly straightforward procedure for integral submultiples of 32 kb/s.
However, the handling of 75 x oM /s signals by a matrix switching 32 kb/s channels
is not accomplished as easily.

Note that the maximum rate in the 75 x 2™ b/ family of speeds is 9.6 kb/s. Itis
possible to accommodate 9. 6 kb/s inputs on the 32 kb/s TDS/TDM matrix lines by
using signal processing circuits to nssure synchronism between the matrix line and
the 9. 6 kb/s user input. For example, Figure 32 illustrates the timing for one such
scheme. Note that ten 32 ib/s pulses form a frame (Waveform A) which is precisely
the same duration as three 9. 6 kb/s pulses (Waveform B). The 9.6 kb/s subscriber
line can be buffered at the switch input to synchronize the 32 kb/s and 9. 6 kb/s
frames and then retimed as shown for Waveform C. Note that the result is to com-
press each of the three 9. 6 kb/s pulses to the width of a 32 kb/s pulse and place them
in time slots 1, 4, and 7 of the 32 kb/s frame. Thus, Waveform C contains the in-
formation from the 9. 6 kb/s line but is compatible with the 32 kb/s rate required at
the switch. Assuming synchronism between the 9. 6 kb/s and 32 kb/s frames can be
achieved at the output of the destination node, Waveform C could be sampled only at
the first, fourth, and seventh bit of each frame. These bits could then be buffered
and reclocked at a 9. 6 kb/s rate and transmitted to the subscriber.

Synchronism must be achieved, however, between the 32 kb/s and 9. 6 kb/s frames
at the destination node. For local calls this is no problem since the frames are al-
ready synchronous. This is not the case at foreign nodes. However, since only three
of the 10 time slots per frame contain data, the remaining slots could be used to sup-
ply inband synchronization information. A Barker Code could be inserted into the
time slots of each frame to uniquely identify a specific time slot. For example, a

1, 1, 0 sequence inscrted into slots 8, 9, and 10 respectively yields sufficient syn-
chronization information provided that all other unused slots are set to zero. Five-
and seven-bit Barker Codes may also be used for thi: appiscalion,

The penalty one pays for such a design is in the inefficient utilization of the datu
throughput capacity of the switch, especially for rates well below 9600 b/s, When-
ever possible, all signals with a common source and destination and with rates below
9600 b/s should be multiplexed together to form a common channel. Accomplishing
this is a function of the switch trunking and multiplexing plan based on actual traffic
requirements.
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Figure 32. Conversion cf 9. 6 kb/s Signals to 32 kb/s Format

An alternate approach to switching 75 x o™ signal rates might be to have a separate
matrix especiall; tedicated to handling such signals. Within this matrix, provision
might be made for switching subchannels in order to increase data throughput when
dealing with low rates. Such an approach would only be cost effective if the number
of 75 x 2M b/s channels serviced by the ISMTC node was a substantial proportion of
the total traffic load.

3.4 CONCLUSIONS

Time division switching and time division multiplexing should both be performed in
an integrated time division matrix,

The multiplexing scheme for the integrated switch/multiplex/technical control is based
on a bit-by-bit multiplexing of bit streams derived from CVSD subsets generating 32
kb/s per line. Groups are formed from the basic 32 kb/s line rate by a bit interleav-
ing process.

Bit-by-bit multiplexing has an advantage in the tactical network over character multi-
plexing since it provides a "transparent' iransmission system. Characters have no
real meaning within the Air Force tactical network since there is no standard char-
acter format requirement specified for the terminals. While character multiplexing
and character switching offer a means of reducing highway speed, the highway speed
as configured for the ISMTC does not present a problem. Highway speeds of 1. 92
Mb/s (60 lines x 32 kb/s/line) are planned which are well within the capability of
bipolar logic anticipated for use in the integrated time division switch/multiplex.
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It is probable that the AF tactical system will be required to serve low speed users
in addition to the 32 kb/s CVSD channels and high speed dat.. 'sers. Distributions

of users, network configurstion, and operating doctrine will dictate the method of
accommodating low speed users in a manner which will be cost effective for the over-
all system.

g

The multiplex system design approach discussed in this section has little impact on
the design of the technical control signaling and common control schemes. It should |
be noted, however, that transmission equipment carrying greater than 60 channels
require external multiplex equipment. In addition, subscriber loops must be multi-
plexed into groups compatible with the matrix input/output groups. This function
could be performed in the line formatter,

‘v
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4.0 TECHNICAL CONTROL

Technical control encompasses the coordination among, and operational control over,
associated facilities of telecommunications systems, The prime purpose of technical
control is to provide the broad degree of system flexibility essential for maximum and
consistent effective utilization of available communications resources. This requires
the capability to selectively use various combinations of available transmitters, re-
ceivers, terminal equipment, frequencies, and propagation paths, The decision proc-
ess required to implement this capability is dependent upon many factors, foremost

of which is the current operational status of each station, or node, in the network with
respect to both equipment and traffic. Based on the knowledge of the current status

of each station in the network, effective decisions can be made at various levels within
the overall technical control structure. In our analyses, it is assumed that the over-
all technical control structure is hierarchal in nature and is consistent with the pre-
liminary TRI-TAC concept for Tactical Communications Control Facilities (TCCF).
In this concept, the TCCF is composed of four distinct elements:

e System Planning and Engineering
e System Control
e Node Control

e Equipment Support

Figure 33 illustrates the hierarchal structure of the TCCF concept including the func- :

tional flow of information between the TCCF elements, With reference to Figure 33,
it should be noted that the links between the various TCCF elements are information
links, and not necessarily the communications links required to support transfer of
the information. Before describing the types of information required to be passed
between TCCF elements, a brief description of the major functions of each element

is presented below.

1. System Planning and Engineering - The major functions of the Systerh
Planning and Engineering (SP&E) element include:

a. Overall network planning including trunk sizing and routing.

b. Analysis and selection of required equipment and radio fre-
quencies. ‘

c. Development of implementation plans,
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In our concept, in order to provide these functions the SP&E element
must develop and maintain a large data base., The data base must con-
tain up-to-date information related to equipment inventories, available

‘radio frequencies, geographic location of nodes, current network con-

figuration (after system deployment), etc. In addition, the SP&E ele-
ment must have the capability to manipulate the data base in order to

arrive at optimum solutions to overall network problems, i.e., proc-
essor assistance is required to support the SP&E element.

System Control - The prime function of System Control (SC) is to pro-
vide real-time management and control of all communications re-
sources within the communications network. In this capacity, SC
must have the capability to continuously optimize performance and
service throughout the system during both stressed and non-stressed
conditions; that is, the SC element must be capable of evaluating over-
all network performance with respect to traffic handling capacity,
directing changes in circuit routings based on this evaluation, and
instituting other traffic control techniques as required to maintain
optimura communications throughout the system. In addition, SC
must have the capability to isolate faults related to particular nodes
in the system, This latter capability must be based on the analysis
of equipment and traffic status reports received from the nodes of the
system. To effectively provide all of the required SC capabilities,
the SC element must be provided with processor assistance and the
necessary software to support the SC function.

Node Control - The major function of the Node Control (NC) eleinent
is to provide real-time technical control at each switching node within
the communications network. This element is responsible for man-
agement and operational control of all communicatiois equipment
associated with the node, including equipment at repeater sites for
which the NC element has been assigned responsibility., To provide
effective real-time technical control over the node, the NC element

must have the capability to automatically:
e Monitor equipment alarms and signal quality.
e Isolate "in-station'' faults.

e Restore circuits which have failed.

e Generate reports and records related to both equipment and
traffic status.
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4, Equipment Suppcrt - The Equipment Support (ES) element provides for

the installation, operation, and maintenance of communications equip-
ment at the node. In general, an ES element will be assoclated with
each unit of communications equipment, including the switch, at the
node,

TCCF Integratiop - This study is directed towards the analysis of the
feasibility of incc rporating the functions required of the Nodec Control
element into the common processor of an Integrated Switch/Multiplex/
Technical Control Facility. The processors required for the System
Control and the System Planning and Engineering elements will re-
quire software and operating characteristics unique to their specific
functions, Furthermore, since one SC and one SP&E element can
handle more than one node, it 18 not practical to provide their re-
quired capabilities into the ISMTC processor at each node £ the net-
work,

With reference to Figure 33, the type of information required on the links between the
various TCCF elements is presented below,

Link 1 -~ SP&E to SC

Node locations including repeater sites
Node-pair frequency assignments
Network connectivity

Routing tables

Switch gizes

Data base updates

Link 2 - SC to SP&E

Requests for additional trunks and/or switches

Data base updates

Status of nodal equipment and traffic

Network traffic status summaries




Link 3 - SC to NC

e Frequency assignments
e Routing tables

e Fault isolation reports

e Fault reports

Link 4 - NC to SC

e Traffic status reports

¢ Equipment status reports
¢ Fault reports

e Sensor (monitor point) information (for sysi;em control fault isolation
on a node-pair basis)

Link 5 - NC t¢ ES

e Frequency assignments

e Fault reports

Link 6 - ES to NC

e Equipment atatus
f e Fault cleared report

e Sensor and alarm information

Section 4,1 presents the parameters which are pertinent to providing the technical

control functions for the Node Control element of a TCCF, Basically, there are four

major functions associated with technical control at nodes of a communications sys-
- tem, They are:
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e Circuit quality monitoring and testing

e Fault isolation

e Alternate routing

e Reporting ﬁnd recordkeeping
4.1 QUALITY MONITORING AND TESTING
The major purpose of quality monitoring and testing is to provide indications of net-
work and station equipment degradation prior to complete failure, This function,
monito:ing and testing, also provides the basis for the Initiation of fault isolation and
circuit restoral procedures, Quality monitoring of both the transmission and switch/
multiplex subsystems is a definite requirement for the ISMTC.

In planning for the ISMTC and later in implementing the overall communication system,
the problems related to monitoring at key locations must consider:

e What to monitor (selection of key parameters)
e Where to monitor (selection of key points)
e How to monitor (selection of monitor equipment and techniques)
e How often to monitor (measuring and reporting frequency)
e Actions to be taken in response to sensing of degradations,
The dizcussion which follows pgesenta some of the above oconsiderations,

4.,1.1 Monitor Points and Parameters

In the tactical environment of the 1980s the trunks between switching ceuters will be
piovided by various {ypes of transmission equipment, including communication satel-
lites, transponders aboard remotely plloted vehlcles (RPVS), tropospheric scatter
radio, line-of-sight radio, and cable transmission systems,

A block diagram of a typioal transmit/receive station identifying possible equipment
and signal monitoring points is shown on Figure 34. Typlcal equipment to be monitored
by the signal quality monitor function include all equipment through which the sig-
nals pass and those support equipments and/or subsystems whioch, if malfunctioning,
would affect aystem performance, Equipments and subsystems to be monitored in-
clude:
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1, Signal Quality and Alarms
Multiplexer
Switch
Modulators
Transmitters
Recelver;
Transmission Lines and Antennas
Ancillary Conditioning Equlp.ment
2, Alarms Only
Prime Power Sources
Power Supply Voltages
Environmental Systems
Physical Security Systems
The parameters associated with the equipment to be monitored for signal quality can

be classified into three broad categories and each in turn into several subcategories
as indicated below,

Digital Regenerated Signals

; e Bit Errors

’ e Time Division Errors (burst, frame, bit nynchronlutldn)

e Timing Buffer Overflow

Digital Signals (prior to regeneration)



Analog Parameters

e Transmit
= Baseband
- Intermediate Frequency
= Local Osoillator
= Low Power RF
= High Power RF
= Reflected RF

® Receive

= Receiver Noise Figure5
= Recelved Signal Lev«al5
~  Local Oscillator®

. Baueband5

- Combined Baseband

A discussion of the nature of the signal parameters to be monitored is presented
below,

4,1,1,1 Monitoring Regenerated Digital Signals

Various portions of the system including the switching, multiplexing, and delay buf-
fering equipment, deal with fully digital signals which have been locally re-timed and
have locally presat amplitude (i.e., regenerated digital signalg). Monitoring at these
points in the system is needed, especially for failure recognition, but may not provide
any indication of approaching failure until the degradations become severe enough to
cause binary errors. This oocurs because of the sharp threshold in the relaiionship
between error rates and signal-to-noise ratio for gaussian additive noise in a Lon-
fading channel, For other types of noise and channel disturbances, or for a fading

SFor each diversity branch if diveulty is used,




. al

signal, the threshold is not as abrupt and error rate may possibly be used to indicate
channel degradation.

With respect to the monitoring of digital signals, the following parameters can be
sensed,

e Bit Errors - Binary errors and error patterns can be measured be-
tween input and output of a switch or multiplex equipment, or node
to node by cooperative action between two contiguous nodes.

e Time Division Errors - The effect of small errors in timing (i.e.,
digital distortion) tends to appear in the form of bit errors in one or
more channels, Larger errors (greater than one half of a highway
bit time) will result in incorrect identification of time slots, so that
all the channels of a given TDM highway will be slipped and directed
to incorrect users (l.e., loss of frame synchronization).

e Timing Buffer Overflow - Clock drift between two nodes, or large
unexpected shifts in time dslay, can cause buffer overflow or under-
flow in the clrcuits provided for “ringing separately received channels
into common frame timing for multiplex and switching).

Monitoring for digital errors may be accomplished on cirouits which are either idle
or are in-use,

4,1,1,1,1 Idle Circuits

If a predetermined known pattern is transmitted on all idle channels (the digital coun-
terpart of the idle channel tone), it can be monitored and its presence used to indicate
oirouit continuity, All circuits can be tested rather rapidly by sequential scanning.
The sampling time for each channel can be made long enough to monitor performance
but not long enough to measure bit error rate, When errors are detected the oircuit
should be remeasured and, if confirmed, corrective action taken,

Somewhat less frequently the bit error rate of idle channels should be tested and the
results recorded. Degradation in error rate versus time provides a measure of oir-
ouit degradation.

When errors are measured on a ciroult the error pattern and/or statistics can be
analyzed by the prooessor for diagnostic purposes, If the errorsz oqour in bursts or
are random, or if they ooour one or two at a time or in larger groups, analysis of the
patterns could provide information for favlt isolation, Also, by inserting a test pat-
tern generator at the transmitter, the test pattern may be varied to stress different
system parameters. For example, by varying the number of ""1s" and "'0s" the clook
reoovery oirouits may be tested.
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4.1.1.1,2 In-Use Circuits

When a circuit is in use its performance may be monitored by making use of any known
redundant information associated with the digital signal. This technique is referred to
as Code Violation Monitoring, Several examples lllustrating this approach are given
bolow:

1, Forbidden Patterns - Based on existing analysis and documentation, it
is likely that digitized voice will be handled by a CVSD process, In
most CVSD encoders/decoders, certain forbidden characters occur
inberent to the delta modulation scheme, For example, the typical
CVSD process described in the TRI-TAC specifications excludes the
possibllity of four consecutive zeros, If at the receive switch end a
simple modulo-type detector were used, an error could be indicated
every time four consecutive zeros were detected. A determination
would have to be made concerning how soon an alarm should be sent;
that is, one may not wish to send an alarm based on the first error
detected. One may wish to average over a certain time period and
extrapolate a line error rate and, based on a line error rate thresh-
old preset in the processor, send an alarm,

2. Frame Pulse Monitor - In some digital systems the framing pulse(s)
is the only unique signal which is always transmitted, This signal
may be monitored at the receiving node and also telemetered to the
transmitting node to indicate fallure, A frame monitor can also be
used to indicate loss of crypto synchronization,

3. Other Code Violation Monitors - Other examples are: on the Bell T-1
only 14 consecutive ''0s" are permitted; T-2 is limited to six con~
secutive "0s"; and the T-4 is limited to two consecutive '"0s". Any
variation from this would indicate fauity operation, If forward error
correction, ARQ, or parity is used, relatively simple sensors and
algorithms may be devised 'to monitor oircuit performance,

4,1,1,1,.3 Duplicate Transmission

Another method of circuit testing is to transmit some (or all) of the bits of the mes-
sage in an order wire or idle channel and to cross correlate the received bit streams
to test for bit errors.

4.1.1,2 Monitoring of Digital Signals (Prior to Regeneration)

Signals In digital format, after transmission over a noisy or disturbed path, may
exhibit perturbations such as intersymbol interference, noise, timing jitter, and
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timing drift, These disturbances can be sensed as a measure of signal degradation
even before they are large enough to cause measurable error rates, at a subsequent
fully-digital point in the system,

The following parameters can be sensed.
e Jitter
¢ Amplitude Uncertainties
e Intersymbol Interference

Multipath or filter dispersion can cause intersymbol interference, which will in gen-
eral appear as a combination of jitter and amplitude fluctuation, In these cases the
perturbations will be found to correlate with the bit pattern of earlier and later bits
of the data stream. 3

4.1.1.3 Monitoring of Analog Parameters

Although the systems considered are wholly digital, the problem of localizing faults
and degradstions will involve making analog measurements of the degradation in
radio signals, wire lines, etc.

For this purpose, conventional analog measurements (such as signal power, noise,
interference, VSWR, fading, multipath, delay distortion, slot noise, etc,) will usually
make it possivle to establish whether a signal is being degraded at the source (trans-
mitter), in the radio or wire-line path, or in the receiving system. This kind of fault
localization is needed to determine which site needs maintenance, or whether the prob-
lem is propagation disturbances between sites.

Before the analog monitoring function can be effectively automated some means must
be provided to make the required measurements and to transmit the results to the
common communications processor at the ISMTC facility, For the 1980 time frame,
transmission equipment should be designed ta provide the required measurement capa-
bility, including the means to communicate the resulting data to the ISMTC. The
latter will require analog to digital conversion of the measurement and the ability to
insert the data into an order wire between the transmission facility and the local and
remote ISMTC facilities.

4,1.2 Computer Procescor Implications

Monitoring of digitul parameters is basic and provides knowledge of channel fallure,
This is used for indloating channel status, for control of alternate routing--either
directly by the processor (if automatic alternate routing is desired and if a standby
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routing choice has been made) or by manual intervention--and to initiate various mes-
sages to echelons concerned with traffic and systems mansgement and with main-
tenance.

Non-regenerated digital signals will have to be monitored to provide indications of
system and circuit degradation prior to failure and to ensure detection of channel
failure (where encryption would otherwise prevent observing digital errors) and to
assist in fault localization.

It is expected that monitoring of analog parameters will also be required, in order to
distinguish between degradations at the sending end, in the path, and at the receiving
end of a hop (for guiding maintenance and alternate routing). Further localization of
faults to subsystems will be useful for maintenance purposes.

A major consideration in planning to integrate technical control functions into the
circuit switch at each node will be the added burden on the processor controlling the
switch,

A significant impact of integrating the equipment support function into the switch proc-
essor appears to be in digital monitoring of switch and multiplex failures, Very fast
reaction is needed here, since a switch or multiplex failure, or an error in framing,
can result in failure of a very large number of channels. To provide quick reaction
to failure and rapid fault localization (for automatic replacement of a switch module),
the technical control function will require rapid access to the computer, an infrequent
but sizable peak computing burden, and will probably also use a significant amount of
external special-purpose monitoring logic. A preliminary examination of this aspect
of the technical control monitoring has been undertaken (see paragraph 4.5.1.1).

The remote monitoring of digital and analog parameters at key points between each
pair of switching nodes is expected to use special-purpose hardware in order to min-
imize the channel capacity used for signal quality status reporting, which could other-
wise become 2 significani traffic burden. Thus, the main impact on the ISMTC proc-
essor at a given node is expected to lie in the extra program capacity used for fault
localizing, and in originating appropriate failure reports. The sneed of response
needed for these functions will be relatively low (several seconds can be used) so that
extra computing speed will not be needed.

4,2 FAULT ISOLATION

One of the most complex processes in present day technical control operations is that
of fault isolation. The complex pattern of actions involved in the interval between
failure and restoral encompasses monitoring, testing, and coordination. The ability
to perform the fault isolation process is, therefore, very dependent upon the skill
level and experience of individual technical controilers. The problem is one of pro-
viding the technical controller with the tools that will help him perform this complex
process more effectively.




There are two basic approaches that 3hould be considered depending on the type of
fault isolation desired. In-station fault isolation provides for the isolation of faults
within the node and is a station-oriented function, System fault isolation provides for
identification of faults as in-station or out-of-station and, if out-of-station, localiza-~
tion of the trouble to a specific station or stations in the transmission path,

The degree of fault isolation will be dependent upon two major factors:

e Hardware - The type, number and configuration of the signal and equip-
ment sensors used for recognition of degradation and failures both in
the transmission and switch/multiplex subsystems,

e Software - The designed capability of the common communications proc-
essor whereby the degradation and failure indications are collected,
compared, and correlated in order to validate and isolate the problem
areas.

Considerations related to hardware are presented below,
4.2.1 Hardware Considerations

The basic technique applicable to the implementation of the fault isolation function of
technical control is that of comparison of measurements; that is, to isolate faults in

a system, comparisons must be made with respect to the quality of input and output
signals of key elements within the overall system. I, for instance, the quality of an
input signal to one of the key elements is within its acceptable range, and the quality
of the associated output signal is out of tolerance, the faultinthe system canbeisolatedto
that element or the following element. ‘The ambiguity asto whichisthe faulty element
occurs if the input stage to the following element has malfunctioned (e. g. , short circuited).
In this case an additional diagnostic is required to enable isolation to one eloment,

As noted previously, monitoring of both digital and analog signals will be required for
optimum fault isolation capability. This section is directed toward a discussion of
hardware considerations related to the analog monitoring and fault isoiation functions,
i.e., monitoring and fault isolation of the transmission system,

The problem of localizing transmission fauits and degradations will require analog
measurements of key parameters of the iransmission subsystem. Before the analog
monitoring and fault isolation functions can be effectively automated, some means
must be provided to make the required measurements and to transmit the results to
the common communications processor system at the ISMTC facility for correlation,
There are several basic concepts applicable to providing for this capability, all of
which i yuire special purpose hardware for their implementation, The complexity of
the hardware required will be dependent upon the type of terminal, the number of .
monitor points, and the type of orderwire avalilable to transmit the monitor informa-
tion to the ISMTC,
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To illustrate the various concepts which may be used to implement the fault isolation
function, radio relay terminals will be used for the purpose of disoussion, The con-
cepts described could be readily extended and applied to other types of terminals,

There are two types of radio relay repeaters that must be considered, baseband re-
peaters and IF (cr RF) repeaters. The type of repeater used will affect the type of
channel required to transmit the monitor point information back to the ISMTC, For
instance, with baseband repeaters, the monitor point information could be inserted
and transmitted on the 32 kb/e digital orderwire channel of a trunk group.

With IF (or RF) repeaters, the monitor information cannot be inserted in one of the
trunk group time slots without special provisions being made for demodulation of the
baseband signal, Therefore, other means must be used to transmit fault detection
and quality monitor information to the ISMTC. The following paragraphs describe
techniques which are applicable to the implementation of the fault isolation function
for both types of repeater terminals, The fault isolation techniques described are
based on monitoring a minimum number of points but can be extended to encompass
many more points, In actual practice it may ke desirable to monitor a larger number
of key points so that the degree of fault isolation capability could be extended. The
actual number of monitor points that will be incorporated into the transmission equip-
ment supporting the ISMTC during the 1980 time frame will be dependent upon the
specific design of such equipment. It is strongly recommended that the development
of specifications for the ISMTC and network-wide transmission equipment be done on
an overull system-oriented basis in order to obtain maximum interoperability; that
is, there should be close coordination and liaison between those responsible for the
development of transmission, switching, multivlexing, tecnnical control, and end
instrument subsystems of the overall tactical communications equipment,

4,2.1,1 Baseband Repeaters

The typical complement and configuration of major equipment at a baseband repeater
terminal for one direction of transmission is fllustrated in Figure 35, As a minimum,
the inputs and outputs of each functional element shown in Figure 35 should be mon-
itored for signal quality and/or level.

The overall process of monitoring and fault isolation, as applied to the transmission
system supporting an ISMTC, consists of several steps:

1. Analog signal detection and measurement
2. Analog-to-digital conversion
3. Message formatting

4, Message transmission to the ISMTC
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RECEIVE SIDE TRANSMIT SIDE

RECEIVER BASEBAND BASEBAND uP POWER
FRONT END |‘ DEMODULATOR MODULATOR r CONVERTER AMPLIFIER

LOtAL LOCAL
OSCILLATOR OSCILLATOR

Figure 35, Typical Configuration of Equipment at Baseband Repeater Terminals

4,2,1,1.1 Signal Detection and Measurement

Signal detection and measurement will require sensors capable of detecting and meas-
uring the specific parameters to be monitored, It is recommended that consideration
be given to the incorporation of these sensors into the transmission equipment to be
used during the 1980 time frame, Consideration should also be given to optimizing

the number of key points to monitor through detailed tradeoff analyses during the spec-
ification preparation phase of the transmission equipment design,

4.2,1.1.2 Analog-to-Digital Conversion

Analog-to-digital (A/D) conversion will be required to convert analog measurement
signals into digital signals in order to provide for proper message input to the digital
ISMTC processor. There are two basic methods which may be used to provide for
A/D conversion. One method incorporates an A/D converter as part of the monitor
sensor equipment at each monitor point, i.e., one A/D convertur per monitor point,
The second method involves the use of a single A/D converter fed by a scanning device
which sequentially connects each analog monitor point in the system to the A/D con-
verter., Figures 36 and 37 illustrate the multi- and single-A/D converter approaches,
The figures also show the equipment required to format and transmit the monitor point
information to the ISMTC processor,

4.2,1,1,3 Message Formatting
Message formatting is required to insert the monitored data irto a mee - .ge for trans-

mission to the ISMTC processor. The length and format of the message is dependent
upon:
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1. The number of monitor points.
2. The length of the bit sequence used to code the monitor point data.

3. The type of reporting used, e.g., continuous, periodic, or aperiodic
reports.

The length of the bit sequence used to code the data will be dependent upon the number
of discrete quantized measurement levels available from the A/D converter. The
greater the number of levels, the greater the accuracy of measurement. In a simple
three-level (green, amber, and red) monitor and alarm system, only two bits would
be required and the A/D converter is a simple four-state device. The two bits could
be used to code the signal condition as follows:

e Space-Mark (0-1) Green Condition - Signal level/quality is within
acceptable operating tolerances.

° ' Mark-Space (1-0) - Amber Condition - Signal level/quality has cros<ed
a pre-established threshold causing system degradation. The system
is still operable but cannot provide optimum performance.

e Mark-Mark (1-1) - Red Condition - Signal level/quality has deterio-
rated to the point where tle system becomes inoperable.

The dibit Space-Space (0-0) would not be required. In order to minimize false alarms
due to errors caused by the transmission system, it is desirable to transmit the mon-
itor point condition more than once, possibly up to four times, thus making an eight-
bit byte for transmission to the communications processor,

In a more sophisticated system where trending of system performance is desired, the
measurements at the monitor points would be quantized to many more than two levels,
The actual number of levels will be dependent upon the measurement accuracy required
to develop trends in system performance (2N discrete measurement levels require N
bits for transmission).

An additional factor affecting the length and format of monitor point sensor messages
is the method of reporting. The three basic types of reporting that could be used to
transmit sensor data back to the ISMTC processor are:

e Continuous Reporting - With this type of reporting the condition at
each monitor point in the station is continuously traasmitted in se-
quence to the ISMTC processor. Each monitor point is allocated a
specific time period within the full status condition message. Fig-
ure 38 illustrates the basic format of the continuous report message
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not including overhead characters such as framing, start-of-message
(SOM), end-of-message (EOM), error control, etc. It should be "
noted that every report contains the status of all monitor points in the
station. Also, by assigning a time period to each monitor point there
is no need to identify the monitor point by a discrete address.

[ T TE s i S|
| | STATION - o i e 5 |
| OVERKHEAD | IDENTIFIER MP—-1 MP-2 MP-3 MP-{n-1) MP-n lOVER//EAD |
[ = R e g = bl L |

MP-X- Coded Monitor Point Sensor
Dote At Point X

Figure 38. Continuous Report Format for Monitor Point Sensor Data

e Periodic Reporting -~ This type of reporting is similar to continuous
reporting with the exception that the status condition message is trans-
mitted cn a periodic basis (e.g., once a minute) instead of contin-
uously.

e Aperiodic Reporting - This type of reporting would be used for "ex-
ception" reporting of fault conditions; that is, monitor point sensor
condition message would not be generated except when & change of
condition exists. The format for an aperiodic report of this type is
{llustrated in Figure 39, It should be noted that this type of reporting
requires the address (identity) of the monitor point at which the faulty
condition exisis. Aperiodic reporting results in minimum loading of
the ISMTC processor, whereas in comparison continuous reporting
results in a relatively high loading.

——————— =
| T MONITOR MONITOR %
| OVERHEAD N IRErer POINT POINT ovERHEAD |
| ADDRESS CONDITION _}
e e e e e e e e e e Yo W

Figure 39. Aperiodic Report Format for Monitor Point Condition
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4,2,1,1,4 Message Transmission

Once the monitor point message is formatted, it must be transmitted to the processor
of the ISMTC for correlation. At baseband repeater stations and at an ISMTC node,
the message is inserted directly into the digital orderwire channel of a trunk group.
With reference to Figures 36 and 37, the message formatter receives frame pulses
from the demodulated trunk group for synchronization and therefore is able to locate
the time slot assigned for transmission of remote status information, At the proper
time, the message formatter outputs the message to the multiplexer where the mes-
sage is inserted into the trunk group.

4.2.1,1,5 Correlation of Mcnitor Point Data

Correlation, or comparison, of monitor point sensor data is basic to tke process of
fault isolation. The correlation of monitor point status is accomplished by setting up
tables for storage of monitor point sensor data for each station under control of the
local ISMTC processor. For each station, locations in the tables are permanently
assigned to specific monitor points in the stations, The tables are updated periodi-
cally depending upon the type of reporting technique selected for reporting the data.
Through comparison of related input/output conditions of the points being monitored,
faults could be lsolatgd.

In a three-level monitor point alarm system, the correlation of data for fault isolation
is usually relatively straightforward. For instance, if the received signal level (RSL)
at a repeater station is reported to be in the "amber" condition, and the power input
to the antenna of the corresponding transmitter at the node station is reported to be in
the "'green'" condition, the fault could be isolated to the antenna and feed system,
assuming there has been no signal perturbations caused by the propagation media,

In a system where trending of system performance is required, correlation of mon-
itor sensor data is accomplished in the same basic manner as described abcve for a
three-level monitor point alarm system. However, instead of making comparisons
of ""green", "amber' and "red" conditions, comparisons are made between reported
measured values of signal level/quality and preestablished values for each monitor
point, The processor keeps track of the difference between the two values (measured
and optimum) and develops trends with respect to system performance. Also, if the
difference between the two values exceeds a predetermined value, a trouble report
warning of system degradation or potential system failure is generated.

4.2,1.2 IF Repeaters

The typical complement and configuration of major equipment at an IF repeater ter-
minal is illustrated in Figure 40, The overall process of monitoring and fault isola-
tion at such a terminal is very similar to that described above in paragraph 4,2.1.1,
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Baseband Repeaters. The only difference is the technique used for message trans-
mission. Sensors for signal detection and measurement, A/D converters, message
formatter, and the function of correlation of monitor point sensor data is the same as

that described for the baseband repeater case.

) RECEIVER 13 up POWER |(
~"LA"*FRONT END MIXER AMPLIFIER CONVERTER AMPLIFIER et
LOCAL
0SCILLATOR
LOCAL ORDER WIRE ORDER WIRE
0SCILLATOR DETECTOR MODULATOR

Figure 40. Typical Configuration of Equipment at IF Repeater Terminals

Figures 41 and 42 illustrate the equipment required to implement the monitoring func-
tion at an IF repeater terminal for the multi- and single-A/D converter approaches.
Since the digital baseband is not available, access to the digital orderwire of the trunk
group cannot be obtained directly. Therefore, the orderwire channel must be provided
by some other means and a number of techniques are available and are commonly used
in existing transmission systems, Among the techniques avallable are:

1. Use of a special orderwire demodulator and remodulator.
2. Use of a separate orderwire RF carrier.

3. Low level phase modulation of the local oscillator.

4. Use of a different meanc of transmission for the orderwire.

4,3 ALTERNATE ROUTING

Many military networks currently in operation generally perform circuit rearrange-
ment at the technical control position and alternate trunk/line selection at the switch-
ing center. This method of operation has evolved from the operational separation of
the individual dedicated user networks and the backbone transmission system serving
the networks. In most cases, little or no switching was provided and users were
served primarily by dedicated lines.
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In this environment a Technical Control facility is required to restore service to
users when circuit outages occur since the advantage of alternate trunk selection at
the switch is unavailable. The means of providing this circuit restoral is accom-
plished manually at a technical control patching facility. In this tyve of operation the
technical controller is required to detect the trouble {e.g., circuit outage), locate the
fault, determine the users affected, and select the alternate rou'‘e to restore com-
munications for the affected users,

Recognizing the inherent flexibility, survivability, and cost savings that can be re-
alized by the implementation of common user sw itching systems, military communica-
tions engineers have been implementing switched communication networks to support
strategic and tactical communication needs, AUTOVON and AUTODIN are prime ex-
amples of the trend towards increasing network survivability and flexibility while
taking advantage of the cost savings of a common user network,

In recent years tactical communication planners have also put a great deal of effort
into the development of new communication networks to support the tactical environ-
ment. It has been determined that the needs of tactical users can be efficiently and
economically consolidated into digital switched networks,

Advances in the technology have made it practical to consider integ atior of switching,
multiplexing, and technical control under the operational control of a common proc-
essor complex, Many of the technical control functions which arc usually accomplished
manually and remote irom the switch can be done as part of this system, For examnple,
the process of circuit rearrangement can be accomplished by alternate routing schemes
which are integrated into the switch processor. This integration comes about by mak-
ing use of the technical control quality monitoring sensors which are used to deter-
mine clreuit vutages and circuit performance inherent to the technical control function.
These sensor outputs can be brought directly into the processor portion of the switch
control and used to update adaptive routing tables which will determine the routes
selected for newly initiated calls,

In the present method of operation the tech controller basically works independently
of the switching center. The tech control function is to determine circuit outages and
circuit quality and to provide alternate means of communications--in essence, alter-
nate trunks--in order to reestablish communications when outages occur, Trunk
capacity, therefore, is restored to the switch without intervention on the part of the
switch., The tech controller has provided an alternate transmission means to serve
the purposes of that trunk, In the ISMTC complex, the sensor information would be
passed to the processor which also psrforms the switch control function. The
switch's trunk selection mechanism, therefore, would satisfy the normal circuit
restoral function that is accomplished by the tech controller.
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Means for accomplishing this adaptive routing or circuit restoral in the technical
control sense will be discussed below, The selection of the most appropriate method,
or the most appropriate route selection algorithm, depends upon the nature of the
network; that is, the quantity and distribution of nodes, traffic density and distiibu-
tion, priority considerations, and survivability constraints are among the factors
that must be considered.

4,3.1 Routing Procedures

In networks subject to the stresses, complexity, and fluidity of modern tactical war-
fare, the choice of a routing method is critical, Survivability, efficiency of trunk
usage, speed of response, grade of service, and complexity of the nodes are only a
few of the major considerations of network design which are directly influenced, In
addition, a tactical communication node which integrates the technical functions of
circuit rearrangement with the switching function of trunk group assignment and trunk
selection provides a ready means to automate this activity.

The need for integration and automation by means of the common processor system at
the node derives primarily from two basic considerations:

1. The need for fast recovery ot the network after severe damage.

2, The high mobility of individuals, military units, and the communrica-
tions plant itself.

It appears that while satisfying the prime military requirements for survivability and
mobility, an advanced routing system can perhaps compensate for a major fraction of
its own cost by permitting more efficient use of the trunking system, Two factors .
related to ar ISMTC for the 19808 contribute to this conclusion:

1, The Air Force tactical network for the 1980s is digital, thereby re-
moving the limitations on the number of links traversed that apply to
analog transmissions,

2. The state of the art of digital telecommunications equipment and proc-
essors has progressed to a point to v hich relutively complicated func-
tions involved in automated fault detection and isolation, circuit man-
agement and circuit switching can be performed relatively inexpen-
sively and with compact reliable units.

There are many possible approaches to providing a routing system appropriate to the
tactical Air Foroe Network, A few of these are discussed next,
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4.3.1,1 Search Routing

Because of its ability to locate users in the network without maintaining large updated
directories, and because it can find best routes in a network of changing topology,
search routing from an operational viewpoint offers many advantages, Variations of
this approach have been studied by a number of investigators (at CSC, North Electric,
Sylvania, IBM, and RCA, to name a few) and each of these variations has advantages
and disadvantages in dealing with the basic problem of network overload by the search
signals during stress and with other problems of search routing.

A CSC-developed approach called quick-trace routing provides a method of dealing
with these problems. The approach avoids complicated processing at the nodes for
purging the system after the search has been completed and combines the advantages
of search routing with many of those of stored directory routing.

4,3.1.2 Qu!ck-Trace Routing

The quick-trace system is an austere version of saturation routing that appears
especially well adapted to a multi-node tactical environment requiring tandem switch~
ing. It attacks the classic problem of network overload during search, L, the follow-
ing features:

1. Out-of-band search by means of a special signaling or orde.wire
time slot not used as a user traffic channel, This procedure con-
fines the search traffic to a single channel,

2. Search messages are passed from node to node verv promptly and
rapidly, greatly reducing the time of propagation and, hence, the
number of messages in the system at any one time,

3. Trunk capacity is not seized or reserved during the search; the speed
of search permits retrace rapidly, assuring that trunk availability
is unlikely to have changed between search and setting up of the call.

4. A short search sequence is possible. This may be used to limit the
portion of the network searched for a large proportion of the calls,

Avoidance of trunk reservation speeds up the search and eliminates the task of lator
releasing those reservations which were not used, Even more important, calls and
search messages seeking to use a desirable route are not turned away because of re-
servations held by other search messages which will not actually ‘make use of the re~
served trunks,
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The quick-trace routing method can look through an "all trunks busy" link to find a
subscriber without preempting truinks during the search proc:dure, Positive control
for call status signaling can be obtained by locating the called party even though the
path searched included a link in the "all trunks busy" condition.

Dual handling of priority searches is provided so that when preemption is required
the best alternate not requiring preemption is also presented, Thus, in contrast with
search systems using inband search on the trunks, a preemptive search need not dis-
coinnect a low priority call unless that trunk is needed in the actual call setup. In the
quick-trace method search is initiated at the originating node, but the final call con-
nection is extended on a "spill back' basis from the called party's node.

1, Out-of-Band Search Channel

A separate out-of-band search channel (i.e., orderwire time slot)
in each link is set aside for the search process. Since a 32 kb/s time slot is set
aside for signaling and technical control functions of fault and quality reporting, it is
possible to make use of this facility., Determination of the data rate required by the
routing procedure is a function of the network size in terms of number of switching
nodes, the switch and trunk sizing, and the network configuration. Generalized cal-
culations indicate that tha size range to accommodate routing data is approximately
one-third to one-half of the 32 kb/s channel.

2, Search-Message Format

When the originating node processor receives a call request to a user
not homed on the originating switch, it assembles the search message into a pre-
arvanged format, A format suitable to a large tactical network (e.g., accommodating
up to 256 nodes which can be considered a worst case condition) is shown in Figure 43.

CALL IDENTIFICATION

Search Limit Priority Original Node Called Number
4 bits 2 bits 8 bits 24 bits

Figure 43. Typical Search Message Format

The search message is launched via the search channel to all con-
tiguous nodes whose links to the originating node are not fully occupied by calls of
higher or equal priority. Each priority call is handled as if it is two separate calls--
one of the appropriate priority, and one treated as routine. The result is that for
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priority calls whose best path requires preemption, there is also available an alter-
nate choice indicating the bert path available without preemption. If the paths are not
significantly different in length, the alternate can be chosen ‘¢ avoid unnecessary
exercise of preemption,

Each node scans the full search message (less than 2,5 milliseconds
long for the search message shown in Figure 43 when framing and error control are
included) before deciding whether to store the message, store it and pass it on, or
eliminate the message. The search does not have to he.held up while the switch de-
termines whether or rot it has the called number; as a result, very rapid dissemina-
tion of the search takes place, even if the scanning process by which the switch de-
termines whether the called number is present is relatively slow, If the switch design
permits rapid scanning it may be better to wait for the search for the called numher
at the switch before deciding to pass on the search message. With reasonable care in
the design of the scanning equipment, the whole process of read in, scan and decision,
and reinsertion back onto the search channel, where required, will take less than
10 milliseconds when estimated on a worst case basis,

A search message for a particular call arriving at a node is passed
on to all contiguous nodes to which trunk capacity at the priority level of the call
exisis, provided that this bas not already been done for that call in response to a
search message coming into the node by a shorter route, and provided that the mes-
sage has not exceeded its search limits, Any search message that is passed on, or
that would be passed on if it had not just reached its search limit, is also placed in
storage at the node in a temporary memory accessible under the call identifier to-
gether with a record (4 bits) of the link on whic.1 the search message entered the
node. The information necessary to permit the daecision to store and/or pass on the
search message resides in the priority and search iixit numbers discussed next,

3. Search Limit

The search limit number is inserted by the originating ewitch for two
purposes: limiting the length of the search, and providing an indication of the number
of handovers in each path, The latter information is useful to technical control net-
work monitoring, The information is passed on to the System Control Node via the
orderwire time slot assigned this function, Each subsequent search node, before
passing the message on, will reduce the {nserted number by one count, A node re-
ceiving a message with a search limi. number equal to zero may perhaps store the
message but will not pass it on, Thus, if the originating node inserts the number 2,
the search will penetrate the network to a depth of 3 nodes distant from the origin,

A search to the depth of two or three nodes is referred to as a short search in large
multi-node networks with much tandem switching. Under the general recommended
procedure, except perhaps in the case of a limited number of special users, the orig-
tnator switch first attempts a short search and automatically reinstates the call as a
long search only if the called party is not located within the search depth of the short
search,
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The length of the short and long searches may be varied adaptively
depending on the node, the deployment, or the immediate tactical situations. For ex-
ample, plans for the Air Force Combat Theater Ground Communication Network in-
dicate that communication satellites and remotely piloted vehicles (RPV) may form the
primary means of internodal communications, Tropospheric scatter radio, line-of-
sight radio, and cable w!ll serve as a secondary source of trunk interconnects, In
this netwoik, the technical control function of circuit rearrangement can be accom-
plished adaptively as follows:

The primary means of call interconnect is tried by means of a short
search message assuring that the initial call setup ai*empt will be made by means of
a satellite or RPV link, If this attempt is unsuccessful, the alternate routing can be
accomaplished through the secondary terrestrial network by launching & second attempt
using the long search format (perhaps six to ten nodes), Under tbese conditions
about 85 percent of the calls are expected to be limited to short searches with con~-
sequently less loading on the search channel and less processing in the network,

The search limiting feature described above also serv.s the useful
function of giving the switch some control over limiting trunk usage during stress
conditions, A form of trunk barring can be instituted in response to ths traffic mon-
itoring function by limiting certain users to call connects which can be accomplished
by means of short searches, In this case the secondary terrestrial network can be
held in reserve for essential calls,

This technigue primarily bases circuit routing on the minimum num-
ber of links traversed by the search signal. Minimum overall delay in propagation of
the search signal can be used as an alternate technique, This procedure, however,
has the disadvantage of penalizing trunks derived from satellite systems, Since satel-
iite transmission is considered an important method of communication in the future
tactical theater, overall delay does not appear to provide appropriate criteria for most
call set-up situations, Certain special users such as message switching systemsusing
ARG techniques, however, may not be able to tolerate circuits having relatively long
transmission delays. In these cases, special class marking of user access lines are
required,

4, Call Identification

The call identification consists of a N bit nuniber, M bits of which
identify the originating node and P bits identify the called number, For example, a
large network may use eight bits for node identification and twenty-four bits for ad-
dress identification, Together with the priority indicator, which serves to differen-
tiate between priority and routine searches, the total N bit call identification word
uniquely tags each search,
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The call identifier word (CIW) is stored at each node before the search
message is sent to the subsequent nodes, The CIW of an incoming search is scanned
agalnst those currently in store at a node and used to terminate searches arriving at
a node that have accumulated handover counts higher than that of a previously proc-
essed version of that search message. A ''scratch-pad'" type memory can be set
aside in the common processor to store the volatile CIWs since the search procedure
is brief and there will be only a few searches in progress :i any one time, A call
not exceeding its search limit, and not found in the ''searches in progress scratch
pad", is passed to the next nodes after updating the stored infcrmation,

5. Path Establishment

When a node determines that it serves the called number, a brief
delay is established to permit the arrival of possible better paths that may have been
queueing for transmission, In the case of priority calls, this delay also permits
receipt of both the preemptive and routine paths, The terminating node then signals
back along the link stored in its memory., This link corresponds to the last step in
the path by which the search message following the best route entered the node. The
next node in turn, after consulting the call identifier, signals the previous node and
the process is repeated until the originating node is reached,

6. System Purging

The search message in the scratch-pad storage at the ISMTC node
must be retained in the system until the selected path has been established. After

the path has been established the stored search messages for that call must be purged.,
This can be accomplished by a time-out procedure under control of the common proc-
essor software; that is, a metsage is stored for a fixed time at the nodc after which

it is assumed that the call lock-in has occurred via some other path and the message
is erased, The advantage of this procedure is that the need for retracing of paths to
purge memories is avoided, Additional system speed is obtained by permitting fast
time out for short searches.

7. Processor and Traffic Loading Estimates

The main purpose for describing in somse detail a possible routing
scheme which can serve the combined functions of switch routing and technical con-
trol circuit alternate routing is to provide sizing estimates for the common proces-
sor, In order to do the required calculations, assumptions on network sizing must
be made and are as follows:

A population of 12, 000 users (i.e., subscribers) are assumed, each
generating four three-minute calls during the busy hour, The number of calls gen-
erated in the entire network amounts to 13,3 calls per second. For the purposes of
the calculation, it is further assumed that 10 percent of the calls have priority status
and are launched as double searches and, therefore, a reasonable approximation for
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total search traffic is 15 calls per gecond for the complete network. Each link is
occupied by each long search message approximately once and the short searches
will occupy pernaps a third of the links. Assuming that 85 percent of the traffic is
handled with short searches results in an average traffic of 6.45 search messages
per second in each link. Since the search message duration is about 2.5 milliseconds
(a conservative estimate) the traffic loading on the average link during the busy hour
will be only 0,016 Erlangs. The resultant probability that the gsearch message will
wait in queue for transmission out of the node is 0,016, and the mean walit in queue
for each search message will be only 40 microseconds,

This indicates that the traffic loading on the search channel time slot
is light. When processing times are added at the nodes a reagsonable cross office
(within node) time of 10 milliseconds per search is obtained. A best path will generally
be found, therefore, in about 0.1 seconds and complete call setup (except possibly for
final seizure of the trunks) should be obtained in less than 0.2 seconds in the case of
terrestrial l1inks, In the case of satellite links, a minimum transmission time of 440
milliseconds is required for combined up link and down link transit time (including re-
turn time). Thus, if a maximum of two satellite paths (both up link and down link) is
assumed, transmission delays approach 1 sec and, therefore, inthis worst case call set-
up delay is dictated by transmission delay and not node processing constraints.

4.3.1.3 Deterministic Routing

Another possible method of providing an alternate routing capability in the integrated
complex is by using ndeterministic routing”. The term ndeterministic routing' ve-
fers to routing techniques in which status information about the links and subscyibers
is circulated throughout the network, and route selection is based on this knowledge.
In contrast to search routing, in which the direction the call will take is not known
until after the search is complete, deterministic routing implies planning the intended
route in some detail, This planning may be done at the origina.ing switch, oron a
iink-by-link basis at each switch in the path,

" To provide the flow of status information, transmission capacity must be supplied by
the network either through the signaling on available links or by means of a separate
status channel (out of band). The latter approach was chosen for the discussion below.
Calculations indicate that the transmission requirement for this scheme is not large--
a fraction of a 32 kb/s channel--but the impact on the common processor is severe in
terms of memory capacity and procetisor load. Based on a maximum of 130 nodes
and 12, 000 subscriber numbers, a number directory of approximately 400, 000 bits
will be required at each node. This constitutes a major limitation of this class of
routing because of the disadvantage it will impose on the tactical limitations on size
and weight, The practicability of this approach, therefore, depends heavily on tech-
nological advances in memory storage devices,

The call may either be set up from the originating node by originating register con-
trol or by step-by-step procedures, If originating register control is used, the

100




originating switch selects the complete route, from crigin to destination, based on

its up-to-date awareness of link status conditions. The step-by-step procedure re-
quires each tandem node to make a route decision to the next contiguous node, At

the next node a new decision i8 made on direction for the next handover. Both pro-
cedures require the same type of status information described in this paragraph, The
advantage of originating register control is that only route computation or table look-
up i8s required for each call. However, the step-by-3tep procedure permits the net-
work to react to possible changes in status during the time the call is beirg set up,
and thus permits slower status updating cycles.

The deterministic routing method has the advantage of providing full network status
information at each node, In addition to its use in routing each call, this data can be
used for technical control of the network by providing real-time network status data
for the System Control Function,

4,4 REPORTING AND RECORDKEEPING

Technical control operations oriented records systems ars required to provide the in-
formation necessary for maintaining a continuous awareness of the operational status
of circuits, equipment, and the associated network. In present day systems, con-
siderable eftort and manpower are required to maintain such records systems. Stud-
ies have shown that the major portion of the recordkeeping workload is spent {n col-
lecting, recording, formatting, and generating reports, with a very small portion at-
tributed to the analysis of the recorded data.

The logical solution for providing an efficient recordkeeping system lies in the use of
processor-controlled records., This would provide 7 gpldeal base to eliminate the time
and workload restrictions existing in the reporting and analysis of operations activi-
ties, In addition, an analysis output could be readily generated from the master file
of the day's activities and could pmvide higher echelons with guidance by identifying
developing trouble areas. Corrective measures could thus be applied to situations
long before they reach proportions that would be identifiea by the present manual
analysis effort.

It should be stressed at this point that the information used in compiling and generat-
ing reports is a product of the recordkeeping avstem, It is the maintenance and anal-
ysis of the recordkeeping system that are time consuming. Thus, while automation
of only the reporting function may increase the quantity and accuracy of the reports
to higher headquarters, it cannot ease the recordkeeping workload of technical con-
trollers, which provides the basis for the formal reports, Therefore, automation
must inolude both the reporting function and the recordkeeping function for maximum
overall effectiveness and reduction of workload.

The flexibllity and scope of an automated reporting and recordkeepiing system are only
limited by the avallable inputs and the control program sophistication. Input sources
include measured data from signal and equipment monitors, manual operator entries,
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circuit technical data concerning the routing and operational characteristics of cir-
cuits and channels, circuit rerouting assignments, maintenance actions, and similar
operational data inputs required in the day-to-day operation of the technical control,

An automated system contalning this type of information should satisfy existing and
future reporting requirements, and the outputs could be provided with little human
intervention, Furthermore, definitive listings could be produced for specific staff
action, eliminating the requirement for managers to sift through large amounts of

data to identify action items relating to this activity.

There are several approaches to automating the reporting and recordkeeping function.,
Each ISMTC could be provided with its own processor-controlled record system and
would be responsible for generating reports on all circuits appearing at the ISMTC

and performing analysis for all circuits under its control, This approach is not rec-
ommended because redundant trouble reports could be generated from several ISMTC
nodes on the same circuit problem, thus providing redundant data at management level,

In the second approach, selected switch nodes could be designated as reporting sta-
tions and provided with processor-controlled reporting and recordkeeping systems,
Other switch nodes would be designated as reported-on stations and provided access
to the records systems of a reporting station, In this way, a single automated system
could serve Jeveral nodes. Each reported-on station would be provided automated
access to the processor of a reporting station for submission or retrieval of relevant
data. The reporting station would be responsible for the reporting, racordkeeping,
and data anlysis for both itself and each associated reported-on station, This ap-
proach minimizes redundant reports at management level and provides reported-on
stations with the benefits of an automated recordkeeping system.

A third approach is simply an extension of the previous approach, with the addition of
a central reporting location for controlling and directing the reporting stations. In
this approach, the reporting stations are grouped by communities of interest, and each
group is assigned a control center equipped with a processor-controlled reporting
system, The control centers would be responsible or all report generation for the
reporting stations under its control. It would automatically receive status change in-
formatior from all subordinate reporting stations, thus enabling it to process and
generate reports on circuit status for faults occurring within its area of responsibility
aud to provide a consolicated system analysis of the data submitted by each reporting
station, The control center would be responsible for compiling, correlating, and
comparing the input from each reporting station and generating reports for manage-
ment, This centralization of reporting responsibility for a community of interest will
effectively eliminate redundant reporting and reduce the time spent on inter-ISMTC
coordination in compliling reports, It will also reduce the possibility of redundant
reports at management level,

There are basically three types of reports which msy be considered: (1) Maintenance
Reports, (2) Status Reports, and (8) Supervisory Reports.
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The factors which must be considered for the reporting and recordkeeping function
are discussed next. In these paragraphs typical report entries and formats are de-
scribed, It should be emphasized that the reports, report entries, and report formats
discussed were developed as an input to the analysis of the impact of report genera-
tion and distribution on the ISMTC common processor. The complete development

of the ISMTC reporting and recordkeeplng function should be based on an approved
TRI-TAC TCCF plan. A preliminary plan incorporating the operational concept of
the TRI-TAC TCCF has been developed but is still in the review cycle of the three
military services. It is entirely possible that the approved TCCF plan will require
several different types of reports within each of the three categories of report noted
above. Furthermore, the report entries and formats described below may have to be
modified to conform to the approved TCCF plan,

4.4,1 Maintenance Reports

Maintenance reports must be generated on a near real-timebasis and transmitted to
the associated maintenance function for immediate action. Two types of maintenance
reports should be generated automatically: (1) a fault report upon completion of all

required fault isolation procedures; and (2) a fault-cleared report upon circuit restoral.

As a minimum, the fault report should include:

1, Fault report number/date/time

2, Location of fault

3. Circuit number

4. Faulty element (reason for outage or system degradation)

5. Remarks

The fault-cleared repost should include, as a minimum, the following items:

1, Fault report number/date/time,

2. Time fault cleared/total time of outage,

3. Reason for outage {code or narrative description of action taken to
clear the fault, This would be entered into the report at the main-
tenance facility, tagged onto the processor-generated report, and
stored for the preestablished report retention period).

To minimize storage requirements, specific codes should be assigned, whenever pos-

sible, to each of the items noted above., Fault reports and fault-cleared reports are
described next in more detail.
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4,4,1,1 Fault Reports

It should be noted that the fault reports and fault-cleared reports described below are
for use by the maintenance function at a particular node.

1,

Fault Report Numbher/Date/Time - All fault reports should be num-

bered sequentially beginning with number 1 at the start of each day.
The date/time group should follow the fault report number, e.g.,
FR001/12-10/0015,

Location of Fault - As noted above, fault reports are generated for
use b - the maintenance function at a particular node. To expedite
the dispatchof maintenance personnel to clear the fault, the report
must include the location of the fault at the affected node. There are
two basic methods by which the location can be specified on the fault
report, viz:

a, Van/shelter equipment function, i.e., tropo transmitter, tropo
receiver, switch center, etc.

b. Van/shelter pre-assigned number designations correlated with
locations on a map of the nodal area.

Of the two, the location by equipment function appears to be the bet-
ter method since maintenance personnel will in general be familiar
with the location of all functional equipment at a node without refer-
ence to maps and tables. In the following discussion it will be as-
sumed that the location method of specifying equipment function on
the fault report will be used, Table 6 lists examples of location
codes and descriptions for typical equipment functions.

Circuit Number - This entry on the fault report will indicate to main-
tenancr personnel the number of the faulty circuit of the location in-
dicated by the previous entry, It is anticipated that circuit numbers
will not require more than ten digits or combinations of ten letters
and digits (alphanumerics).

Faulty Element - This entry will indicate to maintenance personnel

the particular modular equipment element which caused an outage or
start of system degradation, There are basically two classes of
equipment which must be monitored to determine (fault isolate) faulty
elements which may i,e causing system problems: (1) major trans-
mission subsystems; and (2) ancillary support equipment, e.g., air-
conditioning, prime power sources, etc, In many instances the fail-
ure or degraded performance of ancillary support equipment will lead
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Table 6. Location Codes and Descriptions

Location
Code Description

TT-X | Tropo transmitter number "X". (A number must be assigned to
most location/function codes since there may be more than one
set of equipment providing the same basic function.)

TR-X | Tropo receiver '"X"

LT-X |Line-of-sight transmitter "X"
LR-X |Line-of-sight receiver 'X" »
HT-X | High-frequency transmitter "X"

HR-X | High-frequency receiver '"X"

ST-X | Satellite ground terminal transmitter 'X"

SR-X | Satellite ground terminal receiver 'X"

RT-X |Remotely piloted vehicle ground terminal transmitter X!
RR-X |Remotely piloted vehicle ground terminal receiver "X"
MS Major switch (ISMTC) ;
US-X | Unit level switch "X"

e
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to fallure of a major transmission subsystem. The system, there-
fore, must be capable of correlating many measurements from the
monitoring function in order to determine the correct faulty element.
Table 7 lists some typical faulty element codes for major transmis-
sion subsystems and ancillary support equipment, It should be noted
that mnemonics are used as faulty element codes in order to minimize
ntable look-ups", i.e., the mnemonic codes can be easily remem-
bered by maintenance personnel, In general, it is recommended that
mnemonic codes be used whenever possible, The number of codes
required is related directly to the desired degree of automated fault
isolation, As noted previously, the degree of fault isolation capability
is dependent on the number of key points monitored within the system.
The analysis and selection of which points should be monitored and
how they should be monitored (including frequency of sampling) must
be an integral part of the design of communications and ancillary
equipment to be used in the time frame under consideration; that is,
future equipment should be des igned using a systems-oriented ap~
proach taking into consideration the overall requirements for equip-
ment monitoring as it relates to the total technical control function,

4,4,1.1,1 Fault Report Format

Figure 44 {llustrates the format of a typical fault report. This type of report should
be generated by the common processor of the ISMTC if the fault is isolated at the
local node, or by the processor associated with the system control element if the
fault is a system (network) problem, In any event, the report should be distributed
to the equipment support element at the affected node immediately after the fault is
isolated.

Contents

SXXX/FR01/12/16/0015
AAANNNNAAA /OUT/0014

TT-02/PAM

Figure 44. Typical Fault Report Format




Table 7, Faulty Element Codes and Descriptions

Faulty
Element
Code Element
PAM | Power Amplifier
UCd Up Converter
DCO Down Converter
MOD | Modulator
DEM | Demodulator
TDM | Time Division Multiplexer
PRE Preamplifier
COM | Combiner
DUP Duplexer > Major Transmission Subsystems
EXC Exciter
ANT Antenna
IFA IF Ampliiier
0sC Oscillator
REC Receiver
TRA Transmitter
ACO Air Conditioning
HEX Heat Exchanger
LOP Low Oil Pressure
FFS Faulty Fuel System
GOL Generator Overload L Ancillary Support Equipment
Guv Generator Undervoltage
GOV Generator Overvoltage
TRF | Transformer Failure
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With reference to Figure 44, the following is a description of each line entry in the
report:

Line 1 - Station XXX reporting/first fault report of the day/date-time
group,

Line 2 - Circuit AAA NNNNAAA/complete outage/detected at 0014,

Line 3 - Fault isolated to tropo transmitter at site 2/defective power
amplifier.

NOTE

The entry OUT on Line 2 signifies a complete outage as noted
above. Another possible er‘ry in the same position could be
SD (system degradation) to signify that action must be taken to

prevent a complete outage.
4,4,1,1.2 Fault-Cleared Report Format

A typical fault-cleared report is illustrated in Figure 45, This type of report should
be generated by the processor which generated the original fault report and distrib-
uted to the equipment support element, For each fault-cleared report, personnel at
the equipment support element should enter the equipment designation or part number
of the element which was replaced to clear the fault, This type of information would
be useful for the correlation and analysis of equipment failures to develop trends.

Line - Contents
1 SXXX/FCR03/12/16/0100
2 FR01/0059/44M
3 PAM Type 954 (P/O AN/MRC-98)

Figure 45. Typical Fault-Cleared Report Format
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With reference to Figure 45, the following is a description of each line entry in the
report:

Line 1 - Station XXX reporting/third (3rd) fault-cleared report of the day/
date-time group.

Line 2 - Reference FR01/fault cleared at 0059/total time of outage was
44 minutes.

Line 3 - Replaced power amplifier Type 954 which is part of the
AN/MRC-98,

NOTE

Lines 1 and 2 generated by the appropriate processor, Lire 3
would be entered interactively via keyboard at the equipment
support element,

4.4.2 Status Reports

Status reports should be generated by ISMTC nodes either on a periodic basis or upon
demand by the system control element, With regard to status, the system control
element must be aware of the status of both equipment and traffic at each node under
its control, If all fault and fault-cleared reports generated by the switch nodes were
transmitted to the system control element processor, equipment status at each node
could be readily determined; that is, the system coutrol element processor through
correlation and analysis of the fault and fault-cleared reports couid develop the follow-
ing tyoes of information:

e Faults not cleared

e Total time of outage by circuit

e Failures by type of transmission media
e Failures by type of equipment

Therefore, an equipment status report would not have to be generated by each ISMTC
node since the maintenance reports described previousiy contain the necessary in-
formation to generate these reports at system control. However, each ISMTC must
be capable of generating traffic status reports for transmission to system control,
The traffic status reports should include those traffic statistics deemed necessary to
obtain maximum operational effectiveness of the system control element, The traffic
status report should include:
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° Repc;rtlnz station/report no,/date-time group
e Link oocupancy :
e Busy hour/busy hour load/average call hold time

e Trunk barring (on) line load control (on)

Line
1 SXXX/TSR03/12/16/1100
2 AAA 12345/75%
3 AAB 12345/90%

N AAX123456/85%
(N+1) | §845-0245/0.80E/1.6M
(N+2) | TB-1H35M/LLC25M

Figure 46. Typical Traffic Status Report

Figure 46 illustrates a typical traffic status report format. With rdorence to this
figure, the following is a description of eaoh entry in the report:

Line 1 - Station XXX reportmg/tramc status report number 3/date-
tlme group. .

Lines 2 to N - Link occupancy by link number.

Line (N+1) - Busy hour was 0845 to 0945/busy bour load was 0,80 Er-
langs/averege call hold time was 1,5 minutes.

Line (N+2) =~ Trunk barring was on for 1 hour 85 minutes/line load oon-
trol was on for 26 minutes,
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NOTE

With respect to Line (N+2), this entry may have to be expanded
to inolude which trunks were barred and for what time period.
In addition, other entries such as calls by precedence level,
error rate/trunk, etc., may be required.

4.4.3 Supervisory Reports

Supervisory reports, as used hexe, refer to those reports which are required and
generated by the system control and planning elemerts. These reports are used as

the basis for maintaining optimum system connectivity and operational effectiveness

at all times, i.e., during stressed and non-stressed conditions. Examples of stressed
oconditions inolude rapid redeployment of forces xesulting in relocation of nodal equip-
ment, outage3 due to equipment fallure, outages due to action by the enemy, and un-
anticipated ohanges in traffic loads over certain trunks, During stressed conditions
the network will have to be reconfigured as quickly as possible. This reconfiguration
may require the following actions:

e Reassignment of alterna‘e routes for each node in the network,

e - Initlation of trunk barring on lpeolfio trunks,

e Changes to satellite/RPV time-slot assignments,

e Any other actions which may affect overall net.worl:: oconnectivity, .

To acoomplish the above actions will require a proocesscr with a large data base and
having the capability ‘o perform scientifio calculations, e.g., calculation of optimum
alternate routing tables for each node, calculation of path losses for radio links,
.selection of non-interfering frequencies, etc. The processor must also be capable of
generating and disseminating supervisory reports containing the information requived
to implement the actions noted above at all affected nodes. Many of the inputs required
to perform the necessary calculations and report generation would not be avallable at
ISMTC nodes, However, the information required would be derivable at the system
oontrol element from each ISMTC-generated report (fault, fault-cleared, and traffic
status), Based on our analysis, it does not appear to be practiocal or feasible to in-
clude the capability for sclentific calculation and the generation of supervisory re-
ports into each ISMTC node. However, each ISMTC must provide inputs to this func-
tion via the maintenance and traffic status reports desoribed above In paragraphs 4.4.1
and 4,4.2, respectively.

This system has the disadvantage in that overall network reconfiguration is dependent
on the survival of the supervisory node. Possible methods to alleviate this problem
are: (1) the assignment of alternate supervisory nodes to assume reconfiguration re-
sponsibility after a certain delay period; (2) manual reconfiguration by switch operators
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and technical control personnel; and (3) supervision and control provided by a con-
tiguous nodal system,

4.5 TECHNICAL CONTROL IMPACT ON SWITCH DESIGN

This section investigates the impact on switch design due to the integration of the tech-
nical control functions into the ISMTC. The analysis indicates that while the effects
on the common processor are significant, the impact on the switch would be moderate.
The major effect is an increase in matrix size due to huilt-in matrix error detection
equipment, Additional matrix complexity results if the common transmission equip-
ment monitoring scheme described in paragraph 4,5.2 is implemented, It is con-
cluded that specific matrix type is relatively insensitive to technical control consider-
ations and the matrix should be selected predominantly on the basis of switching and
multiplexing factors.

Further switch design considerations resulting from the order wire implementation
are discussed in Section §,3.

4.5.1 Technical Control Considerations on Matrix Design

This gection discusses the various aspects of technical control associated with the
switch matrix. More specifically, the topics covered include fa'lt detection, fault
isolation, and automatic cutover to spare modules. An effort hus been made to keep
the discussion as general as possible in order not to restrict the study to any one
matrix type. However, in order to hound the problem several assumptions have been
made which reflect the properties of thoge switch arrays expecte 1 to be the most ap-
plicable to this studv, Therefore, for the purpose of this discussion, the matrix will
be assumed to be a time division array with N input and N output highways each con-
taining M channels, It should be noted that Candidate matrices 1 and 2 described in
Section 2.1 do not possess the above <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>